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Alsstraot 


fills  Aecumsiitr  uu««re  work  performed  on  a  study  program  determining  the  detail  require¬ 
ments  for  an yAutoouitic  Test  System  for  testing  of /Airborne  ^ectroniC/Equipaent.'s 
This  program  was  an  outgrowth  of  a  feasibility  study  prevtettsl^  mMpUttd-ai'  MAyi> 
j.jiBdsa’.»M8AB:^aQfitTac-b- AF  33 (6o4) -28^41. 

TllCT  i'epbx  ^  pmssemts  ie  swtftfistsmt  Asemtl  the  technicaJ.  information  required  to 


pursue  an  equipment  development  program  of  the  versatile  automatic  test  system 
utilising  a  "building  block"  concept  of  design.  The  system  as  spsetfted  will  have 
■♦he  capabilities  of  perfoiming  fault  isolation  on  over  35  airborne  electronic  systems 
(not  including  WRAMA  equipments)  including  piece  part  fault  location  on  ■%!»■  various 
subassemblies  of  these  systems.  The  autcsuitic  test  system  is  not  limited  ksmseer  to 
the  35  airborne  electronics  systems  studied  in  detail^  has  an 

estimated  capability  of  checking  8o^  (exclusive  of  special  cables  required)  of 
electronic  equipment  in  the  Air  Force  Inventory. 


Various  problems  associated  with  implementing  an  automated  test  facility  were  con¬ 
sidered  and  studied . Aurtng-the-  program .  Those  considered  were  logistic  support,  plan¬ 
ning,  scheduling  and  changing  skill  levels.  Also  considered  study  were  eco¬ 

nomic  advantsiges  gained  due  to  expected  increase  in  MTBF  of  the  airborne  electronic 
equlpaient  due  to  exhaustive  testing  possible  thru  use  of  autcawtion. 
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ReeommetidatlonB 


As  a  result  of  studies  completed  under  Contracts  AF  33(6o4) -2854-1  and  AT  33(6o4)- 
32036>  It  is  recommended  that  DAAFD  Implement  a  trial  ATE  time  shared  Instad-latlon 
using  the  building  blocks  specified.  DAAFD  has  already  engaged  In  ATE  hardware  pro¬ 
grams  demonstrating  ATE  application  to  checkout  of  the  AN/ARC-27  and  AN/APX-6,  AE/AFX- 
25*  These  programs  have  demonstrated  the  feasibility  of  applying  ATE  to  the  testing 
of  specific  depot  Inventory  Items  using  special  purpose  adapters  for  each  Item. 

By  Implementing  a  building  block  ATS  Installation  and  applying  It  to  a  variety 
of  Inventory  Items,  DAAFD  can  check  the  validity  of  the  following  study  program  con¬ 
clusions. 


a.  Time  sharing  Is  a  definite  means  of  Increasing  ATE  efficiency.  ATE  work 
standards  have  been  estimated  based  on  time  shared  operation.  These 
estimates  should  be  confirmed. 

b.  A  building  block  approach  to  stimulus  generator,  response  monitor,  load, 
and  programmer  controller  design  Is  a  sound  approach  to  the  problem  of 
eliminating  relatively  expensive  specltLl  purpose  adapters  for  each  prime 
equipment  tested  and  the  problem  of  test  equipment  obsolescence. 

c.  ATE  can  be  used  for  defective  module  and  component  Isolation  of  the  21 
prime  equipments  studied.  Test  point  accessibility,  while  somewhat  of  a 
problem  with  current  Inventory  Items,  will  still  permit  isolation  to 
defective  modules  and  one,  two  or  three  components  within  modules. 

d.  The  21  prime  equipments  studied  are  a  valid  representation  of  typlcaul 
Inventory  Items.  The  ATE  liiq>lementatlon  plan  should  Include  several 
newer  systems  not  studied  to  check  this  assumption. 

e.  The  building  blocks  specified  in  this  study  wlll^  eventually  completely 
replace  corresponding  manual  equipments  as  automation  becomes  depot  wide. 
Items  which  will  be  replaced  are  manual  slgnzl  generators,  electronic 
counters,  transfer  oscillators,  and  power  supplies.  The  depot  will 
continue  to  use  manual  multimeters,  special  accessories  (absorption  type 
wavemeters,  R  F.  plumbing  accessories,  etc.)  and  on  a  limited  basis 
oscilloscopes  and  manual  spectrum  analyzers. 

f.  Use  of  ATE  in  depot  operations  will  result  In  definite  and  significant 
economies  In  depot  operations.  While  the  expense  of  Inltlail  Investment 
In  ATE  must  be  written  off,  the  types  and  quantities  of  general  and 
special  purpose  manual  test  equipment  procured  in  the  future  will  diminish. 
In  the  Immediate  future,  savings  in  man  hours  per  equipment  or  module 
tested  will  be  realized.  In  the  near  future,  additional  savings  In  in¬ 
creased  prime  equipment  reliability  will  be  realized. 

In  addition  to  checking  the  validity  of  study  program  conclusions,  a  trial  ATE 
instaLLlation  will  furnish  new  information  in  related  ATE  areas.  These  are: 

a.  Programming  and  tape  preparation  simplifications. 
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b.  Simplification  aM  steindardlzation  of  cables ^  adapters  and  fixtures. 

c.  Recommendations  for  test  points  in  future  prime  equipments. 

d.  Recommendations  for  TM  formats  for  ATE  utilization. 

e.  Optimum  test  bench  configurations. 

f.  Optimum  operational  procedures  In  time  sharing. 

g.  Finalizing  specifications  of  building  blocks. 

Programsing  simplification  techniques  are  recommended  in  Section  2.4.  Additional 
techniques  in  sli^lifylng  the  preparation  of  tape  test  programs  will  become  apparent  as 
a  variety  of  programs  are  made. 

The  initial  ATE  iiiq)lementation  will  aO-so  furnish  needed  Information  on  test  cable 
and  sinq)lified  auiapter  designs.  For  example,  standard  cables  for  connection  of  low  fre¬ 
quency  switching  to  the  unit  under  test  may  consist  of  several  tube  socket  adapters  and 
several  clip  lead  terminations  for  component  isolation.  Other  cables  must  terminate  In 
tee  connections  with  All  connectors.  A  standard  high  frequency  cable  may  terminate  in 
several  BMC  connectors.  Cable  standardization  requires  further  consideration  since  as 
many  as  4-77  different  modules  and  79  different  black  boxes  were  present  In  21  systems. 

The  ATE  implementation  will  also  provide  fiorther  information  on  the  need  for 
standard  test  point  connectors  and  accessible  test  points  in  newer  systems  with  recom¬ 
mendations  for  built  in  detectors,  dividers  and  Isolation  networks  to  permit  the  required 
degree  of  fault  Isolation.  Submitted  with  this  report  are  recommended  test  data  formats 
for  use  by  prime  equipment  euppllers.  Technical  man^oals  studied  to  date  do  not  present 
data  in  a  form  easily  used  by  an  ATE  programmer.  Present  test  procedures  are  written 
for  the  use  of  manual  test  equipment.  High  and  low  measured  value  limit  information  is 
incomplete.  Operation  of  a  trial  ATE  installation  will  suggest  charges  In  documentation 
requirements  on  prime  contractors.  Futvtre  TM  test  procedures  will  probably  be  written 
using  simple  ATE  routines. 

A  simple,  portable  test  bench  is  recommended  in  this  study.  This  test  bench 
supports  the  unit  under  test,  its  fixture  and  accessories  such  as  special  high  power 
R.F.  dummy  loads.  A  trial  installation  will  determine  optimum  dimensions  for  this 
bench  and  suggest  other  possible  functions  such  as  cable  storage. 

At  this  time  operational  procedures  for  a  time  shared  ATE  system  are  not  completely 
defined.  Actual  system  operation  is  needed  to  determine  the  most  effective  work  flow 
patterns,  effects  of  operator  participation  in  tests  and  practices  needed  to  reduce 
interference  of  operating  personnel  with  each  other.  The  recommended  ATE  system  as 
described  in  the  final  report  under  Contract  AF  33 (6o4) -28541  performs  both  static 
(resistance,  D.C.  voltage,  continuity)  and  dynamic  module  tests  at  the  same  test  bench 
using  the  time  shared  ATE.  If  static  tests  were  conducted  at  a  separate  bench  with  a 
voltage  resistance  tester,  the  manual  operation  of  module  connection  to  the  teat  setup 
is  duplicated.  ATE  operation  is  needed  to  confirm  this  recommendation. 

Finally,  the  building  block  specifications  presented  in  this  report  must  be  final - 
ized  by  actual  use  of  the  building  blocks  as  described.  Requirements  not  apparent  froin 
study  8d-one  will  manifest  themselves  once  the  ATE  is  operational. 

It  is  recommended  that  DAAFD  implement  a  trial  ATE  system  consistiig  of  a  pro¬ 
grammer  controller  with  control  computer  tie  in  capabilities  and  at  least  thirty  of 
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the  forty-two  types  of  building  blocks  specified.  This  will  provide  capability  for 
time  shared  operation  of  at  least  two  test  benches. 

Figure  1  is  a  tabulation  of  building  blocks  in  order  of  usage  in  black  box 
and  module  testing.  The  building  block  usage  for  black  box  testing  of  blank  boxes 
requiring  this  building  block  for  defective  module  isolation)  shows  a  gradual  decrease 
from  100^  to  However,  for  module  testing  a  distinct  break  occurs  in  the  region 

from  19^  to  and  sixteen  building  blocks  are  used  by  more  than  13$  of  the  modules 

for  component  isolation  testa. 


Figure  1  .  Building  Block  Usage 

in  Black  Box  and  Module  Testing 
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T.I.  4  Freq.  Meter 

39 

A.C  primary  supply 

52 

A.C.  supply  6.3  V 

34.4 

Waveform  analyzer 

48 

Osc.  0.1  cps  -  30  Kc 

3^ 

Resistive  Load 

42 

P.S.  0.1  -  35  V 

32.5 

Oscillator  0.1  cps  -  30  Kc 

39 

Resistive  Load 

31 

Oscillator  30  KC  -  40  M3 

25.6 

Pulse  Generator 

29.2 

Oscillator  40  MC  -  400  M3 

22.8 

Osc.  30  KC  -  40  M3 

27.6 

P.S.  0.1  V  -  35  V 

22.8 

Waveform  Analyzer 

25.5 

Peak  power  meter 

21.5 

A.C.  primary  supply 

22.6 

Trans,  Osc.  5  MC  -  175  MC 

19 

Osc.  2.0  -  4.0  KM3 

19 

Power  meter  &  Reflectometer 

19 

A.C.  supply  400  cps 

7.6 

P.S.  500  V  -  6  KV 

16,5 

Osc.  40  -  400  M3 

6.1 

Osc.  8,5  -  12.4  KM3 

15.4 

Power  meter  &  Reflectometer 

5.1 

A.C.  supply  400  cps 

13.9 

Transfer  Osc,  5  ~  175  M3 

4.4 

A.C.  supply  6.3  V 

13.9 

10  MC  Video  amp 

4.2 

10  M3  Video  asq) 

12.7 

P.S.  500  V  -  6  KV 

4.0 

Osc.  2.0  -  4.0  KM3 

8.9 

Capacitive  Load 

3.4 

A.C.  supply  400  cps  phase  ref 

8.9 

Spectrum  Analyzer 

2.9 

Osc.  950  M3  -  1250  M3 

7.6 

Inductive  Load 

2.3 

AM  detector 

6.? 

100  MC  Video  amp 

2.1 

Capacitive  Load 

5.1 

Transfer  Osc.  1.475-12.4  KMC 

1.5 

Impedance  Meter 

5.1 

Noise  Generator 

io5 

Spectrum  Analyzer 

5.1 

Osc.  950  M3  -  1250  MC 

1.3 

Transfer  Osc.  I65-605  MC 

3.9 

Oec.  8.5  KMC  -  12.4  KMC 

1.3 

100  MC  Video  amp 

2.5 

Transfer  Osc.  165-605  M3 

1.3 

Noise  Generator 

2.5 

A.C.  supply  400  cps  phase  ref 

1.3 

Synchro  Trans. (Ratio  transformer)  2.5 

Synchro  Trans. (Ratio  transformer)  1.0 

Inductive  I,oad 

2.5 

Transfer  Osc.  475-1525  MC 

.85 

Phase  Meter 

2.5 

AM  detector 

.84 

Osc.  12.4-10  KMC 

1.3 

A.C.  supply  30  cps 

.84 

Spectrum  Analyzer  12.4-18  KMC 

1.3 

Peak  Power  Meter 

.2 

Static  Press.  Gen. 

1.3 
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Figure  8  is  a  re -tabulation  of  building  blocks  in  a  recommended  priority 
listing.  This  listing  considers  frequency  of  usage  of  a  building  block  in  both  black 
box  and  module  testing,  and  also  suggests  procuring  conqplementary  building  blocks  such 
as  oscillators  and  transfer  oscillators  together  as  the  recoamended  calibration  pro¬ 
cedures  call  for  checking  oscillators  using  the  companion  transfer  oscillators. 


Figure  2  .  Recommended  Priority  Listing  of  Building  Blocks 
Priority  Building  Block 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

n 

12 

13 

14 

15 

16 
IT 
18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 


Programmer  Controller 
Delay  Generator 
Multimeter 
lsq>edance  Meter 

Time  Interval  and  Frequency  Meter 

Oscillator  0.1  cps  -  30  KC 

Power  Supply  22  -  32  Vdc 

Power  Supply  30  -  500  Vdc 

Pulse  Generator 

Waveform  Anadyzer 

A.C.  Prlmry  Supply 

A.C.  Supply  6.3  V 

Resistive  Load 

Power  Supply  0.1  -  35  Vdc 

Oscillator  30  KC  -  40  MC 

Transfer  Oscillator  5  MC  -  175  1C 

Oscillator  40  MG  -  400  MC 

Transfer  Oscillator  165  -  605  MC 

Peak  Power  Meter 

Power  Meter  and  Reflectometer 

Oscillator  8.5  -  12.4  KMC 

Transfer  Oscillator  1.475  ■  12.4  KMC 

A.C.  Supply  400  cps 

10  MC  Video  Amplifier 

Oscillator  2.0  -  4.0  KMC 

Power  Supply  500  V  -  6  KV 

A.C.  Supply  400  cps  phase  referenced 

Oscillator  950  MC  -  1250  MC 

Transfer  Osc.  475  -  1525  MC 

Spectnmi  Analyzer 

Capacitive  Load 

AM  Detector 

Inductive  lead 

100  MC  Video  Amplifier 

Noise  Generator 

Synchro  Treuismitter  (Ratio  Transformer) 

Oscillator  12.4  -  I8  KMC 

Transfer  Osc.  12.4  -  I8  KMC 

Spectrum  Analyzer  12.4  -  18  KMC 

Function  Generator 

Phase  Meter 

A.C.  Supply  30  cps 

Static  Pressure  Generator 
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Figure  3  Is  a.  summary  of  the  ATE  capability  with  all  building  blocks  specified. 
This  lists  building  block  function,  frequency  range  and  other  key  parameters.  An  ATE 
ljiq>lementatlon  of  less  than  43  types  of  building  blocks  vlU  reduce  the  system  cap¬ 
ability  accordingly. 


Function 

Figure  3  . 

Frequency  Range 

ATE  System  Specifications 

No.  of 

Other  Parameters  Building  Blocks 

A.F.  and  R.F. 
Generation 

0.1  cps  -  400  iC 
950  MC  -  1250  VC 

2  nc  -  4  kmc 

8.^  Kic  -  i8  km: 

-10  dbm  to  -100  dbm 

■•■34  dbm  to  -100  dbm 

-1-40  dbm  to  -100  dbm,  8.5  -  12.4  KMC 

-HO  dbm  to  -90  dbm,  12.4  -  I8  KMC 

3 

1 

1 

1 

1 

Noise  Generation 

1  cps  -  2  km: 

25  db  1  cps  -  10  MC 

15  db  10  MC  -  2  KMC 

1 

Synchro,  Resolver 
Excitation 

400  cps 

30  cps 

Ref.  and  +30°  or  j^O*^  or  l80°outputs 
Ref.  and  ^0°  and  l80°  outputs 

1 

1 

Function  Genera¬ 
tion 

100  -  2500  pps 

triangular,  sawtooth,  trap  ezoldal 

1 

Pulse  Generation 

.6  CP8-3.3  m:  prf 

0.1  usee  -  1.5  sec  pulse  width 

1 

Delay  Generation 

3  usee  -  1.6  sec. 

1 

Static  Pressure 
Generation 

2.5  psla  -  14.5  psla 

1 

Frequency  Measure¬ 
ment 

99.9  cps-9.99  m: 

5  MC  -  18  km: 

.999  usee  -  999  aec.  time 

1  counter 

5  trana.  osc. 

Spectrum  Analy. 

962  MC  -  18  km: 

3 

Phase  Measurement 

2  m:  -  30  MC 

1 

Avg.  Pwr.  Msmt. 

2  MC  -  12.5  km: 

-20  dbm  to  +10  dbm 

1 

Peak  Pwr.  Msmt. 

400  m:  -  18  kmc 

0  -  300  mw 

1 

Waveform  Measure¬ 
ment 

2  pps -83, 300  pps 
PRF 

.05  usee  -  100  msec 

rise,  fall  time,  pulse  width 

1 

Ijiq>edance  Measure¬ 
ment 

10  uufd  -  1000  uf d 

10  uh  -  100  h 

X 

100  ohms  -  5  Meg  BC 
5  ohms  -  1  Meg  RL 
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Function 


Preguency  Range 


Other  Parameters 


No.  of 

Building  Blocks 


Voltage  Measure¬ 
ment  10  cps  -  10  KC 

Resistance 
Measurement 


•999  V  -  500  Vdc 
•999  V  -  500  Vac 
9*99  ohms  -  9*99  megohms 


1 


Video  Amp  1  KC  -  10  tC  20  db  gain  1 

100  KC  -  120  M:  20  db  gain  1 

D.C.  Power  .1  -  35  V,  2.5  A  1 

22  V  -  32  V,  27  A  1 

30  V  -  500  V,  1  A  1 

500  V  -  6000  V  800  ma  to  1  KV  1 

250  ma  to  6  KV 

A.C.  Power  1+00  cps  I6  V  -  3OO  V,  7  A  1 

6.3  V,  10  A  1 

1+00  cps  95  V  -  130  V,  1+0  A,  1  0  1 

101+  _  130  V,  15  A,  3  0 

Loads  Res.  0.1  ohm  -  7  Megohm  1 

Cap.  10  uufd  -  10  ufd  1 

Ind  1  Bh  -  3  h  1 

AM  Detector  1+00  cps -30  MC  carrier  1 

0  -  20  KC  modulation 

Synchro  trans/  59  cps  -  2000  cps  Resolution  1  part  In  2^5  1 

Ratio  TrsLns. 


A  prograamer  controller  as  specified  in  this  report  rather  than  a  control  conqputer 
Is  recommended  for  the  Initial  ATE  Implementation.  The  overall  depot  ATE  system  recom¬ 
mended  Includes  both  types  of  controllers.  It  Is  believed  that  programmer  controllers 
will  continue  to  be  used  for  conducting  large  numbers  of  relatively  simple  test  and  con¬ 
trol  functions  even  when  computer  techniques  for  fault  Isolation  axe  developed  and  depot 
Inventory  equipment  complexity  Increases. 

A  control  computer,  If  used  Initially  In  place  of  a  programmer  controller,  can 
certainly  perform  its  test  and  control  functions.  However,  the  control  conq>uter  cap¬ 
ability  for  functions  other  than  test  sequence  control  would  in  all  probability  be  little 
used  for  2  or  3  years  as  the  major  work  areas  of  performing  tests,  test  program  prepara¬ 
tion  and  variation,  proving  building  block  performance  and  ATE  system  application  to  a 
variety  of  Inventory  items  will  initially  tie  up  the  control  computer  with  performing 
tasks  that  can  be  more  economlcaU.y  and  slnq>ly  performed  by  the  specified  programned 
controller. 
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1 .  INTRODUCTION 


1.1  General 

This  is  the  final  engineering  .report  on  USAF  Contract  AF  33(6o4) -32036, 
an  extension  of  the  Automatic  Test  Equipment  Study  performed  on  USAF  contract 
AF  33 (60U) -28541,  completed  February  I961.  The  requirements  of  a  depot 
oriented  test  system  were  defined  as  a  result  of  the  previous  study.  These 
requirements  were  confirmed  during  the  study  extension  by  determining  the  ex¬ 
tent  to  which  the  system  is  adaptable  to  a  changing  and  different  work  load. 

The  additional  building  block  requirements  found  by  studying  20  additional 
systems  at  Dayton  as  part  of  the  program  were  minor  when  compared  with  the 
total  requirement ,  The  degree  of  applicability  of  the  automatic  test  system 
as  defined  for  the  DAAFD  facility  requirements  for  use  by  other  AMA's  was  in¬ 
vestigated.  Study  teams  were  assigned  to  cover  selected  systems  prime  for 
^•/RAMA,  MOAMA,  and  SAAMA.  The  results  of  these  efforts  confirm  the  versatility 
of  the  building  block  approach  to  an  automated  test  system.  The  information 
obtained  by  July  15,  1961  on  the  studies  at  the  other  AI'lA's  is  included  in  this 
report.  The  results  of  the  studies  not  completed  by  July  15,  I96I  will  be  pre¬ 
sented  in  an  addendum  to  this  report. 

Other  problems  associated  with  the  conversion  of  a  repair  facility  to 
automation  have  been  studied  and  defined  as  a  part  of  the  study  and  are  pre¬ 
sented  herein.  The  requirements  of  an  automatic  test  tape  program  conversion 
unit  for  a  limited  number  of  programmer  controllers  types  has  been  investigated 
and  the  results  are  presented  herein.  Specifications  for  the  recommended  euid 
required  automatic  test  system  were  generated  and  they  are  included  in  the 
Appendix  to  this  report . 

1.2  Objectives 


The  purpose  of  the  study  extension  to  the  study  done  under  USAF  contract 
AF  33(6o4) -28541  was  to  confirm  the  requirements  of  the  automatic  test  system 
previously  defined.  In  accomplishing  this  task,  the  following  additional 


systems 

were  studied  in  addition  to  the 

original  15. 

1. 

an/apx-26 

11. 

an/arr-61 

2, 

AN/APX-2T 

12. 

AN /arc -70 

3. 

an/arc-74 

13. 

an/arn-62 

4. 

AN/aRC-57 

14. 

an/arn-61 

5. 

AN/APN-135 

15. 

AN/APX-37 

6. 

an/arn-50 

16. 

AN/AIC-20 

7. 

/lN/APN-136 

17- 

an/ara-48 

8. 

AN/ALR-12 

18. 

an/apx-34 

9. 

an/alq-16 

19. 

an/apx-46 

10. 

Chaff  Dispenser 

20. 

AN/APX-47 

21. 

an/apx-48 
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1.2  (contd) 


Also  included  in  the  study  were  selected  listed  xanits  of  the  AN/ASB-4,  A3A, 
Type  K~kA  prime  at  WRAMA,  the  KL-7,  KG-3,  KW-26,  KL-47,  KO-6,  and  the  KY-l  at 
NSA,  San  Antonio  and  selected  units  of  the  B-58  automatic  test  system  GSEL  24-01, 
2403>  24o4,  24o6  and  2409  prime  at  MOAMA. 

The  studies  of  the  additional  systems  confirmed  the  building  block  approach 
advocated  by  the  previous  effort  at  DAAFD- 

A  few  additional  building  block  requirements  v^re  found  as  was  expected. 

This  is  obvious  if  one  considers  that  a  certain  number  of  new  building  blocks 
will  be  required  until  all  of  the  r.f.  frequency  bands  are  covered.  In  addition 
special  accessory  items  will  be  required  for  a  portion  of  any  new  group  of  systems 
that  are  added  to  the  list  of  systems  to  be  tested.  Looking  at  the  overall  pic¬ 
ture,  however,  shows  these  as  a  minor  requirement  as  ccmpared  to  the  requirements 
dictated  by  the  conventional  manual  repair  method  or  the  special  purpose  automatic 
test  adapter  method  previously  used  by  many  maintenance  agencies. 

The  objectives  of  the  study  extension  were  meuiy  fold.  The  prime  objective 
was  to  confirm  the  autcmatic  test  system  requirements  as  defined  previously,  ex¬ 
pand  upon  them  and  produce  a  set  of  specifications  to  which  an  initial  system  could 
be  procured  by  the  Dayton  Air  Force  Depot.  This  has  been  accomplished  and  a 
general  specification  as  well  as  46  individual  electrical  characterisitc  specifi¬ 
cation  sheets  for  the  building  blocks  has  been  completed  thru  Joint  efforts  of 
MDNE  and  GD/e.  The  individual  specification  sheets  are  included  in  the  appendix 
of  this  report. 

Secondary  objectives  of  the  program  were  to  investigate  the  feasibility  of 
a  Code  Converter  capable  of  translating  one  P/C  machine  language  into  another,  to 
expand  upon  the  economic  advantages  of  ATE  due  to  effect  of  increased  NfTBF  ob¬ 
tained  when  using  automatic  fault  Isolation  in  the  repair  of  equipment,  to  investi¬ 
gate  the  requirements  for  a  programmer  computer  and  to  study  possible  methods  of 
automatic  test  tape  preparation.  These  efforts  have  been  completed  and  the  results 
are  located  under  their  appropriate  sections  of  this  report. 

Additional  objectives  of  the  study  were  the  development  of  a  logical  plaua  to 
convert  DAAFD  to  ATE  and  to  enumerate  in  some  detail  other  problems  that  may  arise 
in  converting  a  repair  facility  to  an  automatic  testing  operation.  These  have  been 
accomplished.  The  results  are  included  under  the  appropriate  section  of  the 
report . 

1.3  Scope 

The  scope  of  the  study  included  detailed  studies  of  equipment  presently  in¬ 
cluded  in  the  DAAFD  inventory  and  equipment  planned  for  future  inclusion  in  their 
repair  inventory.  Detailed  studies  were  also  performed  on  equipment  prime  at  WBAMA, 
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1.3  (contd) 


NSA-SAAMA  and  MCAMA.  Trips  were  made  to  the  other  repair  facilities  to  observe 
first  hand  maintenance  problems  present  at  these  areas. 

2 .  STUDY  RESULTS 

2.1  Automatic  Test  System  Requirements 
2.1.1  Summary 

A  recommended  General  Purpose  Automatic  Test  System  (GPATS)  is  de¬ 
fined  in  this  section.  Data  and  results  generated  during  the  first  study 
effort,  Automatic  Test  Equipment  for  DAAFD,  Contract  No.  AF33(6o4) -28541 
have  been  expended  and  combined  with  information  obtained  from  the  second, 
Automatic  Test  Equipment  Study  Extension  for  DAAFD,  Contract  No.  AF33(6o4)- 
32036  to  define  the  General  Purpose  Automatic  Test  System. 

A  generalized  GPATS  block  diagram  and  typical  configuration  are 
presented  and  discussed.  Building  blocks  which  comprise  the  system  are 
referenced  by  function  only  in  this  section.  The  reader  is  referred  to 
Appendix  2-46  for  performance  specifications  of  the  individual  building 
blocks  and  to  other  sections  of  this  report  for  more  detailed  explanations 
and  discussions  than  presented  in  this  section  of  the  peripheral  equip¬ 
ment  and  functions  this  peripheral  equipment  performs.  All  performance 
specifications  contain  the  necessary  functions  for  integration  and  combina¬ 
tion  with  other  building  blocks  to  fulfill  the  requirements  of  a  General 
Purpose  Automatic  Test  System. 

Study  results  foT-  a  depot  oriented  Programmer  Controller  to  direct 
a  General  Purpose  Automatic  Test  System  and  operate  in  conjunction  with  the 
peripheral  equipment  are  finalized.  The  AN/gJQ-9  was  investigated  to  de¬ 
termine  the  extent  to  which  it  would  fulfill  the  defined  requirements,  and 
modifications  to  increase  its  capabilities  are  suggested.  Serious  limita¬ 
tions  of  a  GPATS  directed  by  an  AN/gJQ-9,  or  a  modified  AN/gjQ-9  are  pre¬ 
sented  . 


All  functional  parallel  buss  lines  which  the  recommended  method  for 
programming  requires  ar'j  defined.  Any  or  all  of  the  building  blocks  as¬ 
sembled  for  use  at  one  time  may  be  programmed.  This  method  requires  the 
uinimum  amount  of  operator  decisions  and  labor  to  modify  the  types,  or 
quantities  of  assembled  building  blocks  as  well  as  eQ.lowing  for  future 
growth  capabilities  for  building  blocks  defined  and  developed  in  future 
years , 


Fall  safe  requirements  and  maintenance  philosophies  necessary  to 
determine  that  malfunctions  are  present  and  to  minimize  malfunction  down 
time  of  any  elements  of  a  General  Purpose  Automatic  Test  System  are  discussed. 


2.1.1 


(contd) 


Several  levels  of  testing  and  fault  isolation  are  defined,  and  methods  and 
procedures  for  performance  of  these  maintenance  tests  are  described. 

2.1.2  GPATS  Block  Diagram  and  Configuration 

Figure  4  and  5  represent  a  generalized  GPATS  block  diagram  and  typical 
configuration  of  GPATS.  The  building  blocks  comprising  the  set-up  of  Figure  4 
are  not  representative  of  building  blocks  assembled  for  servicing  any  particu¬ 
lar  end  item.  Rather  they  depict  a  universal  approach  to  the  assembling  of 
building  blocks  and  demonstrate  the  flexibility  of  the  system  and  the  ease  of 
adding  additional  building  blocks  as  they  are  required  or  eliminating  build¬ 
ing  blocks  no  longer  required.  The  quantity  of  racks  supporting  the  required 
building  blocks  is  also  a  function  of  the  end  items  being  serviced.  Building 
blocks  which  require  more  space  and  weight  than  is  practical  for  rack  mounting 
will  be  packaged  as  separate  portable  units. 

Time  sharing  of  both  a  Programmer  Controller  and  building  blocks  with 
each  unit  under  test  (UITT)  permits  GPATS  usage  at  one  bench  while  connections, 
or  disconnections,  are  performed  at  the  other  bench.  Unusual  signal  charac¬ 
teristics  or  tolerances  may  limit  time  sharing  of  some  building  blocks  for 
some  applications. 

Similarly,  a  Control  Computer  with  Data  Processing  capability  is  avail¬ 
able  for  the  use  of  several  Programmer  Controllers  on  a  time  sheared  basis.  See 
Section  2.3* 

2.1.3  Programmable  Building  Blocks 

Programmable  stimulus  generators,  response  monitors,  switching  units 
and  accessories  axe  classified  as  building  blocks.  Requirements  and  character¬ 
istics  of  the  building  blocks  are  as  finalized  during  this  study  program. 

Figure  6  lists  all  building  blocks  considered,  the  category  in  which  they  are 
placed,  and  also  the  reference  number  of  Figure  6  to  correlate  a  particular 
building  block  and  its  location  in  the  block  diagram  of  Figure  4.  The  location 
is  for  the  typical  case,  and  may  be  varied  for  different  testing  applications 
or  signal  characteristics.  See  Sections  2.1.8  and  2.1.9  for  input  lines  to 
the  building  blocks . 

2.1.4  Programmer  Controller 

2. 1.4.1  Summary;  Study  results  of  a  depot  oriented  Programmer -Controller  for 
GPATS  and  the  peripheral  equipment  of  Section  2.1.6  are  finalized  in  this 
section.  The  final  results  define  a  Programmer -Controller  capable  of  integra¬ 
tion  with  the  GPATS  system  concept  and  the  peripheral  equipment  to  perform 
its  results.  Programmable  stimulus  generators,  response  monitors,  accessories 
and  switching  units  are  not  an  integral  part  of  the  recommended  Programmer 
Controller,  although  it  performs  functions  for  the  building  blocks  similar  to 
those  performed  by  operational  Programmer  Conti oilers. 
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Figure  4.  Generalized  GPATS  Block  Diagrajn 
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f  icuro  5  •  Typical  Conf  ieurafcion  of  GPAT.. 


Building  Block  Data 
Figure  6 


P.S. 

.0.  =  Programmable  Stimulus  Generator 

P.R. 

.M.  =  Programmable  Response  Monitor 

P.S, 

.IJ.  =  Programmable  Switching  Unit 

P, 

.A.  =  Programmable  Accessory 

Bldg.  Block 

Reference 

Number 

Item 

Category 

Figure 

1 

Oscillator  0.1  cps  -  30  KC 

P.S.G. 

3 

2 

Oscillator  30  KC  -  40  MC 

P.S.G. 

1 

3 

Oscillator  40  MC  -  400  MC 

P.S.G. 

1 

4 

Oscillator  950  MC  -  1250  MC 

P.S.G. 

1 

5 

Oscillator  8.5  KMC  -  12.4  KMC 

P.S.G. 

2 

6 

100  MC  Video  Amplifier 

P.A. 

13 

7 

Pulse  Generator 

P.S.G. 

1 

8 

Delay  Generator 

P.A. 

9 

10  MC  Video  Amplifier 

P.A. 

13 

10 

Transfer  Osc .  5  MC  -  175  MC 

P.R.M. 

6 

11 

Transfer  Osc .  I65-605  MC 

P.R.M. 

6 

12 

Transfer  Osc .  475  -  1525  MC 

P.R.M. 

6 

13 

Transfer  Osc.  1.475  -  10.5  KMC 

P.R.M. 

6 

14 

Noise  Generator 

P.S.G. 

1 

15 

l6 

Oscillator  2.0  -  4.0  KMC 

P.S.G. 

2 

17 

Oscillator  12.4  -  I8  KMC 

P.S.G. 

2 

18 

Synchro  Transmitter  (Ratio  TrMsformer) 

P.S.G. 

3 

19 

Resistive  Load 

P.A. 

13 

20 

Inductive  Load 

P.A. 

13 

21 

Capacitive  Load 

P.A. 

13 

22 

Impedance  Meter 

P.R.M. 

5 

23 

Multimeter 

P.R.M. 

12 

24 

Time  Interval  and  Frequency  Meter 

P.R.M. 

7 

25 

Power  Meter  and  Reflectcmeter 

P.R.M. 

4 

26 

27 

Waveform  Analyzer 

P.R.M. 

4 

28 

Spectrum  Analyzer  L  band 

P.R.M. 

4 

Spectrum  Analyzer  1.2  -  12.4  KMC 

P.R.M. 

4 

29 

Peak  Power  Meter 

P.R.M. 

4 

30 

Static  Pressure  Generator 

P.S.G. 

14 

31 

Spectrum  Analyzer  12.4  -  I8.O  KMC 

P.R.M. 

4 

32 

33 

Phase  Meter 

P.R.M. 

4 

3^ 

Amp.  Modulator  Detector 

P.R.M. 

4 

35 

Power  Supply  0.1  -  35  VDC  (2.5A) 

P.S.G. 

3 
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Figure  6  (contd) 

Bldg ,  Block  Reference 


Number 

Item 

Category 

Figure 

36 

Power  Supply  22  -  32  VDC 

P.S.G. 

14 

37 

Power  Supply  30  "  500  VDC 

P.S.G. 

3 

38 

Power  Supply  500  -  6000  VDC 

P.S.G. 

l4 

39 

AC  Supply  400  CPS  Phase  Ref. 

P.S.G. 

3 

40 

A.C.  Supply  400  CPS  1  0 

P.S.G. 

3 

3  0 

P.S.G. 

3 

41 

A.C.  6.3  V 

P.S.G. 

3 

42 

A.C.  Supply  30  CPS 

P.S.G. 

3 

*+3 

A.C.  Primary  Voltage 

P.S.G. 

1 

44 

Transfer  Oscillator  12-l8  KMC 

P.R.M. 

6 

45 

Function  Generator 

P.S.G. 

3 

46 

Coeocial  Switching  Unit 

P.S.U. 

8  I 

47 

Low  Frequency  S.G.  Switching  Unit 

P.S.U. 

10 

48 

Low  Frequency  R.M.  Switching  Unit 

P.S.U. 

11 

49 

Waveguide  Switching  Unit 

P.S.U. 

9 
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2.1A.1 


(continued) 


A  Programmer -Controller  represents  a  smaller  expenditure  than 
other  accumulative  OPATS  equipment  such  as  building  blocks,  cables  and 
adapters,  the  peripheral  equipment,  or  tapes  containing  test  programs. 
However,  its  function  as  part  of  a  General  Purpose  Automatic  Test  System 
is  of  prime  in^jortance.  It  will  be  a  determining  factor  in  the  final 
performance  of  the  test  system,  not  only  in  the  servicing  capability  and 
GPATS  end  item  capacity,  but  also  in  the  ease  or  effort  for  operators  to 
perform  this  servicing.  Also,  the  P/C  as  defined  has  several  modes  of 
operation  to  give  a  skilled  operator  the  flexibility  of  operation  required 
for  initial  test  tape  preparation  and  debugging.  If  Programmer -Controller 
capabilities  are  limited,  performance  of  the  overall  test  system  and  the 
peripheral  equipment  supporting  the  test  system  will  be  sacrificed. 

A  block  diagram  of  the  proposed  Programmer -Controller  is  shown 
in  Figure  7  specifications  are  presented  in  Appendix  46. 

Several  comparisons  were  performed.  Specifications  for  the 
Programming  Set,  Check-out  Sequence,  AN/GJQ-9^  MIL-P-26664A  were  analyzed 
to  determine  its  capabilities  as  an  integral  part  of  a  General  Purpose  Auto¬ 
matic  Test  System  and  its  peripheral  equipment, 

Additional  requirements  not  present  in  the  AN/GJft-9  are  discussed. 
They  are  test  result  memory,  information  lines  for  tie  in  with  the  Control 
Computer  with  Data  Processing  Capabilities,  iteration,  and  packaging  by  a 
functional  building  block  concept. 

Modifications  for  increasing  the  capability  of  the  AM/GJQ-9  are 

discussed. 


2. 1.4. 2  Recommended  Programmer -Controller  Block  Diagram 

A  functional  block  diagram  of  a  depot  oriented  Programmer -Controller 
is  shown  in  Figure  7- 

Two  functional  groups  of  input/output  lines  are  shown.  These  are 
the  information  input/output  lines  to  join  the  Programmer -Controller  with  the 
Control  Computer  having  Data  Processing  Capability  and  with  the  external 
building  blocks  which  are  being  utilized  to  service  the  end  items. 

Placement  of  several  functional  capabilities  at  each  of  the  test 
benches  is  recommended  in  this  report.  These  functions  are  identified  in 
the  block  diagram  by  a  duplicate  presentation  of  these  functions. 

2. 1.4. 3  Recommended  Programmer-Controller  and  AN/GJft-9  Comparison 

Functional  requirements  for  a  machine  capable  of  directing  a  depot 
oriented  General  Purpose  Automatic  Test  System  have  been  developed.  Figure  8 
presents  function  requirements,  reasons  for  these  requirements,  and  the  cap¬ 
ability  the  AN/GJU-9  and  the  recommended  Programmer -Controller  contain  to 
perform  these  requirements. 
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Figure  7.  Recooaended  Prograoner -Controller 
Block  Diagram 


10 


Figure  8 

Reconunended  Programmer-Controller  and  AN/GJQ-9  Ccmparison 


I  Requirements ;  End  Item  Identity  Information 

A.  Control  Computer  (c/c)  Operation 

1.  When  the  c/c  replaces  the  p/c  to  direct  tests,  the  c/c  will  control 
building  blocks  required  to  perform  these  tests.  To  gain  knowledge  of 
the  tests  it  is  required  to  perform  the  C/C  must  receive  end  item 
identity  and  test  number  information  so  its  memory  can  be  searched  to 
determine  the  starting  point. 

2.  c/c  printout  and  punched  card  output  of  logistics  data  are  required. 
End  item  identity  and  test  number  information  are  required  for  access  of 
memorized  (stored)  information  in  c/c. 

B.  Permanent  test  record  printout  by  Programmer-Controller  is  required. 

Initial  data,  representing  an  end  item,  will  associate  the  following  test 
data  with  that  particular  end  item  so  the  test  record  printout  is  identi¬ 
fied. 


Operators  Console 

an/gjq-9 


Depot  Oriented 
Programmer-Controller 


A  combination  of  the  particular  test  tape 
being  utilized  at  that  time  and  teat  numbers 
of  that  tape  are  needed  to  identify  end  item. 
Automatic  insertion  of  test  tape  identity 
inforaation  is  not  available. 


Federal  Stock -Class  number  identi¬ 
fying  particular  end  item  (Black 
Box /Module)  is  inserted  on  test 
tapes.  This  handles  end  items 
having  modifications  as  they  have 
unique  FSC  numbers  assigned.  Test 
nuttber  information  will  remain  the 
same . 


II  Requirements :  Test  Search 

A.  Manual  Search;  Information  entered  manually  via  control  panel  to  command 
search  to  end  item  identity  number  and  particular  test  number  of  a  test 
sequence  or  program. 

B.  Automatic  Search:  Search  for  particular  test  number  of  a  test  sequence  or 
program  on  command  of  information  on  test  tape. 
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Figure  8 
II  (contd) 


Operators  Console 

an/gjq-9 

Search  for  Test  Numbers  1  -  99)999  that 
can  be  entered  manvially  or  programmed  on 
tape.  Will  not  search  to  end  item  iden¬ 
tity  unless  they  are  assigned  a  particxilar 
test  number. 


Depot  Oriented 
Programmer-Controller 

Two  search  modes  will  be  used. 

One  to  search  to  end  item  iden¬ 
tity  number  (manually  inserted) 
and  one  to  search  to  particular 
test  number  of  that  end  item  pro¬ 
gram  (manually  inserted  or  program¬ 
med  on  tape ) . 


Ill  Requirements :  Significant  Digits  of  Test  Value 

Measurements  where  increased  digit  capability  is  required  to  guarantee  that 
test  accuracy  is  met . 


Operator  Console 

an/gjq-9 


Depot  Oriented 
Programmer-Controller 


Three  digit  comparator, printer,  display, 
tape  reader  logic,  etc.  limits  accuracy. 


Seven  digit  comparator,  printer, 
display,  tape  reader  and  logic  capa¬ 
bility  is  provided.  Comparison  may 
be  accomplished  by  a  simultaneous 
seven  digit  comparator  capability 
or  by  a  two  step  comparison  of  4 
most  significant  digits  and 
then  the  3  least  significant  digits. 
Printout  is  a  two  step  process  if 
■che  latter  comparison  method  is  used. 
Storage  of  7  digits  for  display  to 
facilitate  operator  decisions  is 
required. 


IV 


Requirements :  Manual  Control  Panel 

A.  Control  panels  readily  accessible  to  each  bench  that  are  capable  of  con¬ 
trolling  the  Programmer-controller  are  required. 

B.  Controls  for  information  signals  to  c/c. 
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Figure  8 
IV  (contd) 


Operators  Console 
AN/gJQ-9 


Depot  Oriented 
Programmer-Controller 


Single  Control  Panel  at  Programmer- 
Controller  is  inadequate  for  integration 
with  Control  Computer  and  for  time  sharing 
P-C  and  building  blocks .  No  remote  control 
panel  capabilities  are  provided. 

V  Requirements  t  Visual  Display  Unit 


Identical  control  panels  with  in¬ 
creased  control  capability  allow¬ 
ing  c/c  Integration  and  time  shar¬ 
ing  of  P/c  and  building  blocks  are 
required. 


A.  Display  units  readily  visible  from  each  test  bench. 

B.  Fail  safe,  fault  isolation  indicators  required  for  building  blocks  and 
display  for  Computer  Control  mode  is  necessary. 


Operators  Console 

an/gjq-9 


Depot  Oriented 
Programmer-Controller 


Display  unit  at  Programmer-Controller  is 
inadequate  for  showing  integration  with 
C/C  and  time  sharing  of  p/c  and  building 
blocks.  No  remote  capability  is  provided. 

VI  Requirements ;  D.C.  Power  Supplies 

D.C.  power  for  Programmer-Controller 

Operator  Console 

an/gjq-9 

Special  purpose  supplies  are  used. 


Local  and  remote  visual  display 
units  with  increased  information 
display  capabilities  are  required. 


Depot  Oriented 
Programmer-Controller 

Utilization  of  building  block  D.C. 
Supplies  as  defined  in  A.F.  33- 
(6o4) -28541  to  replace  special 
purpose  supplies  should  be  con¬ 
sidered  when  voltage  and  current 
requirements  of  P/C  are  determined. 


VII  Requirements ;  Autocheck  (Self  Check) 

Monitor  of  critical  functions  by  fail  safe 
methods . 
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Figure  8 
VII  (contd) 


Operators  Console 

an/gjq-9 


Depot  Oriented 
Prograaaner-Controller 


Insufficient  information  available. 


Self  check  capabilities  for  critical 
functions  using  monitor  and  fail 
safe  checks ,  Self  test  programs  for 
all  functions  using  fault  isolation 
capabilities  built  into  the  machine. 


VIII  Function  Requirement ;  Stimulus  generator,  response  monitor,  programmable 
accessory  and  switching  linits  (building  blocks)  selection  and  programming 
by  coded  signals  on  parallel  bus  lines. 


Measurement  and  Selector  Rack 
_ AN/Gjq-9 _ 

Test  point  selector,  selector  logic  unit, 
stimuli  control  unit,  and  stimuli  control 
logic  unit  accomplish  the  programming.  It 
is  difficult  to  program  bus  lines  for  ex¬ 
ternal  building  block  control  by  using 
existing  circuitry  and  methods. 


Depot  Oriented 
Programmer-Controller 

Building  block  control  circuitry  to 
allow  selection  and  programming  of 
building  blocks  by  either  a  program¬ 
mer  Controller  or  a  Control  Canputer. 


IX  Function  Requirements:  Response  Monitors  -  Voltage  and  Time,  Frequency  A/d 
Converters  wltii  characteristics  caipatible  with  depot  service  requirements. 


Measurement  and  Selector  Rack 

_ an/gjq-9 _ 

Range,  reference,  and  converter  selection, 
voltage  A/d  converter  and  time,  frequency 
a/d  converter  have  inadequate  electrical, 
mechanical,  and  programming  characteristics. 


Some  data  can  be  put  on  test  tape  and 
transmitted  to  Control  Computer  via  ex¬ 
ternal  accessory  control.  No  provision 
for  control  of  building  blocks  by  Control 
Computer. 


Depot  Oriented 
Programmer-Controller 

Response  monitors  are  an  integral 
part  of  applicable  building  blocks 
which  are  external  to  the  Program¬ 
mer  Controller. 


Depot  Oriented 
Programmer-Controller 

Ability  to  transmit  euLl  required 
infonnation  to  Control  Computer  and 
to  receive  instructions  required  to 
operate  the  automatic  test  system. 

All  required  controls  and  indicators 
are  part  of  the  Programmer-Controller. 


X  Function  Requirements:  Computer  Control  Tie  in. 

an/gjq-9 
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XI 


Figure  8  (contd) 

Function  Requirements t  Test  Result  Memoiy  (See  Section  2.13  Appendix  46) 


Depot  Oriented 
Programmer -Controller 


Storage  of  34  test  results  for  a 
series  of  tests  (test  sequence)  to 
allov  test  result  pattern  to  te 
compared  to  pre -determined  failure 
patterns.  Test  result  memory  out¬ 
put  is  available  to  comparator,  and 
patterns  are  inserted  in  the  same 
manner  as  limits  into  the  comparator. 

XII  Function  Requirements ;  Iteration  (See  Section  2.11  Appendix  46) 

Depot  Oriented 

AN/GJQ-9  Programme  r -C ont  roller 

Capability  does  not  exist.  Programmer-Controller  is  capable 

of  automatically  advancing  a 
desired  nvunber  of  nearly  identical 
tests  ’.•without  reading  through  a 
section  of  tape  especially  prepared 
for  each  test.  It  is  capable  of  ad¬ 
vancing  the  test  number  and  causing 
stepping  of  building  block  functions 
(i.e.,  test  point  switching,  D.C. 
voltage,  stimulus  generator  fi'equency). 

XIII  Function  Requirements ;  Programmer  Controller  based  on  building  block  concept. 

(See  Section  1  Appendix  46) 


an/gjq-9 

Capability  does  not  exist. 


Depot  Oriented 

AH/GJQ-9 _  Programmer-Controller 


Drawer  and  bay  type  construction.  In 
general  each  unit  performs  only  a 
specific  function. 


Programmer-Controller  cemprised  of 
self  contained  modules  or  blocks. 
Each  block  performs  a  sp)ecific 
function  in  its  entirity.  Allows 
substitution  for  repair  purposes  of 
a  small  section  of  the  Programmer- 
Controller. 
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2. 1.4. 4  Additional  Requirement  Reecmandations 

The  Programmer-Controller  (P-C)  recommended  for  this  depot 
facility  Is  a  iinlt  with  four  features  not  presently  Included  on  any  exist¬ 
ing  machine  of  this  type.  The  AN/GJQ-9  unit  will  serve  as  a  basis  of 
reference  to  discuss  features  recommended  for  inclusion  in  a  new  P-C. 

A  Test  Result  memory  Is  reccmmended.  This  memory  would  store  the 
results  of  some  34  tests.  Its  use  would  reduce  the  number  of  subroutines 
on  diagnostic  analysis  testing.  Rather  than  rushing  ^nto  a  subroutine  on  a 
NO-GO,  there  are  many  occaaions  when  a  pattern  of  NO-GO 's  would  in  itself 
be  sufficient  to  point  out  the  location  of  the  faultier  the  pattern  would 
quickly  send  the  machine  to  only  one  appropriate  subroutine  to  further  de¬ 
fine  the  fault.  The  outputs  of  these  memory  elements  will  be  available  to 
the  comparator  for  logical  canparisons  with  pre-determined  patterns  in  the 
form  of  limits. 

The  presence  of  a  Control  Computer  with  Data  Processing  capabilities 
in  the  facility  has  been  recommended.  If  this  recommendations  is  followed, 
it  is  further  recommended  that  the  Control  Computer  be  electrically  connected 
to  the  P-C.  Details  of  this  connection  will  be  brou^t  out  in  the  following 
material.  Likewise,  this  feature  is  not  on  the  AN/GJQ-9. 

Another  feature  strongly  recoranended  for  the  P-C  to  be  used  in  the 
depot  maintenance  facility  is  iteration.  Every  P-C  in  existence  at  the 
present  time  lacks  this  feature.  The  iteration  feature  will  cut  programming 
time  and  costs  greatly,  as  well  as  cutting  down  on  the  footage  of  tape  re¬ 
quired  for  a  complete  test  sequence.  Iterative  tests  are  those  whose  in¬ 
structions  are  essentially  repeated  from  test  to  test.  Perhaps  one  or  two 
items  change  one  digit,  such  as  the  test  ixsint  switch  ninaber,  the  test  numbers, 
or  some  stimulus  generator  parameter.  The  iteration  feature  would  etLlow  the 
use  of  the  same  instruction  sequence  on  the  tape  for  one  test,  and  appropriate 
test  number,  switching  or  other  internal  advances  made  automatically  for  each 
iteration.  Actually,  the  feature  will  eillow  iteration  of  any  number  of  tests 
in  a  sequence.  For  example,  it  may  be  that  a  sequence  of  tests  essentially 
repeats  itself  every  12  tests.  Rather  than  the  first  12  tests  being  programmed, 
and  followed  by  the  second  12,  etc.  only  one  sequence  of  12  would  be  required. 
After  the  first  pass  through  the  12  tests,  ein  iteration  instruction  would  be 
read  from  the  tape.  This  would  set  up  the  selected  building  blocks  to  advance 
automatically.  The  tape  would  search  to  the  beginning  of  the  sequence  €Uid  begin 
the  second  pass  through.  On  the  second  euid  succeeding  passes,  the  addresses 
on  tape  for  programming  selected  building  blocks  would  not  direct  the  block 
to  read  the  programming  lines,  but  only  serve  as  an  advance  prise.  This  would 
continue  until  the  iteration  counter  went  to  zero.  This  would  release  the 
iteration  and  return  ell  selected  blocks  to  nomal. 

Serious  consideration  of  a  building  block  approach  to  a  Prograjaser- 
Controller  is  recommended.  Each  building  block  of  this  Programmer-Controller 
would  be  an  individual  rack  mounted  package  containing  hardware  to  perform  a 
specified  function.  Reasons  for  this  recommendation  are  presented  below: 
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2. 1.4. 4 


(contd) 


a.  Defective  Programmer -Controllers  present  a  unique  maintenance  problem 
as  the  amount  of  fault  isolation  automatically  performed  on  itself  by  tape 
test  programs  is  limited  by  the  malfunction.  Inability  to  operate  the  GPATS 
probably  indicates  it  cannot  perform  all  tests  necessary  to  fault  isolate  its 
own  malfunction  to  a  piece  part.  This,  of  course,  if  dependent  upon  the 
functional  area  of  the  Programmer -Controller  which  is  defective.  Thus  per¬ 
formance  of  Programmer -Controller  confidence  tests,  module  isolation  tests 
and  piece  part  isolation  tests  as  defined  under  GPATS  Maintenance  Philosophy, 
which  require  an  operating  Programmer -Controller,  are  not  always  possible. 

Several  semi-automatic  or  manual  fail  safe  or  fault  isolation  indicators 
and  techniques  can  be  applied  to  greatly  ease  the  fault  isolation  problem. 
Isolation  to  a  functional  area  can  be  satisfactorily  accomplished  in  this 
manner.  If  this  functional  area  is  packaged  as  a  separate  unit,  the  mainten¬ 
ance  process  of  substitution  of  an  identical,  operating  unit  is  applicable. 
After  this  substitution  the  Programmer -Controller  confidence  tests  can  be 
performed  to  guarantee  that  the  malfunction  is  no  longer  present. 

At  this  point  contractor  supplied  instructions,  cables,  adapters  and 
test  programs  and  GPATS  can  then  be  applied  to  repair  the  defective  Programmer - 
Controller  building  block. 

b.  Present  day  hardware  used  in  a  Programmer -Controller  will  be  improved 
in  the  future  as  modifications,  or  new  state-of-the-aort  techniques  are 
developed  by  manufacturers.  If  these  improvements  increase  the  capability 
or  reliability  of  the  unit  sufficiently  to  warrant  their  use,  it  would  be 
easier  to  substitute  the  up-dated  or  new  hardware  if  a  building  block  pack¬ 
aging  concept  is  adopted.  Compatibility  and  interchangeability  conditions 
would  then  be  primarily  electrical,  instead  of  both  electrical  and  mechanical. 

c.  All  Programmer -Controller  f>xnctions  required  D.C.  power.  If  the  build¬ 
ing  block  concept  is  adopted,  after  D.C.  power,  current  and  voltage  character¬ 
istics  are  defined,  or  estimated,  it  must  be  determined  whether  these  voltages 
are  to  be  generated  in  and  for  the  use  of  particular  Programmer -Controller 
building  blocks  or  whether  they  are  to  be  obtained  from  external  supply  sources. 
Use  of  the  D.C.  power  supplies  of  Appendix  34  should  be  considered  for  exter¬ 
nal  supply  sources  for  system  standardization  and  x'educed  logistics  support 
cost.  Retaining  the  power  supply  programming  capability  would  allow  a  means 

of  marginal  checking  the  P/C  building  blocks . 

d.  Recommendations  have  been  made  for  placement  of  some  functional  units 
normally  associated  with  a  Programmer -Controller  at  each  test  bench  so  GPATS 
operators  may  more  efficiently  perform  their  function.  Control  panels  and 
visual  display  units  are  examples  of  units  each  operator  requires.  As  this 
remote  condition  exists,  it  is  practical  to  design  and  develop  one  unit 
which  can  meet  this  dual,  or  remote  location  condition. 
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2. 1.4. 4 


(contd) 


e.  All  Programmer-Controllers  require  several  time  base,  or  time  delay 
generators.  Some  of  these  are  fixed,  wide  tolerance  delays  required 
everytime  a  function  is  performed  and  others  are  swjcurate  fixed  or  variable 
time  delays.  The  building  block  time  delay  generator  of  Appendix  9 
can  suffice  to  generate  accurate  fixed  and  variable  time  information  for 
the  Programmer-Controller,  as  well  as  for  other  building  blocks,  thus 
eliminating  a  need  for  an  accurate  time  base  generator  designed  for  and 
associated  with  a  Programmer -Controller. 

2.1.4. 5  Modifications  of  AN/gJQ-9 

Possible  modifications  of  the  AN/GJQ-9  specifications  were 
considered.  As  could  be  expected,  the  amount  of  additional  capability  ob¬ 
tainable  is  related  to  the  quantity  of  modifications  defined.  At  this  time 
it  is  impossible  to  detemine  how  far  to  carry  a  modification  program  as 
adequate  electrical,  time  and  cost  information  is  not  available.  The  de¬ 
gree  of  modification  was  arbitrarily  set  after  aneulysis  of  MIL-P-26664A. 

The  criteria  for  modification  was  to  obtain  added  capabilities  for  functions 
by  adding  extemal  equipment  so  that  as  few  internal  modifications  as 
possible  are  required.  To  make  the  AN/gjq-9  more  compatible  with  the  auto¬ 
matic  test  system,  some  additions  or  internal  modifications  listed  below, 
may  be  made  to  the  AN/GJQ-9. 

1.  Function;  Stimulus  Response  Monitor  and  Switching  Unit  (Building 

Block)  Selection  Programming 

To  facilitate  control  of  the  Building  Blocks  extemal  to  the  AN/GJQ-9 
the  extemal  address  system  may  be  used.  A  unit  would  be  required  to  con¬ 
vert  serial  information  on  the  extemal  address  lines  to  parallel  infor¬ 
mation  suitable  for  programming  the  Building  Blocks. 

2.  Function;  Test  Result  Memory 

To  improve  diagnostic  capabilities  of  the  test  system,  a  unit  capable 
of  storing  test  results  could  be  added.  This  unit  would  receive  test 
result  information  from  the  AN/GJQ-9.  The  test  result  memory  unit  would 
feed  its  stored  information  to  the  comparator  via  the  13  bit  digital  input 
that  is  provided.  The  patterns  of  test  results  could  then  be  pre-arranged 
failure  patterns  inserted  into  the  comparator  as  limits.  Although  this 
function  allows  greater  diagnosis,  it  requires  modification  to  gain  access 
to  test  results  in  the  AN/gJQ-9  and  could  introduce  some  programming 
problems . 
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2. 1.4. 5  (contd) 


The  previously  described  AN/GJQ-9  modifications  will  allow  it 
to  operate  the  General  Purpose  Automatic  Test  Equipment  (Control  Ocmputer 
operation  excluded)  but  limited  system  capabilities  still  exist.  Control 
of  the  building  blocks  can  be  accomplished  and  end  items  can  be  serviced 
provided  their  test  requirements  do  not  exceed  the  limit  capability.  Areas 
■vrtiere  serious  limitations  exist  are  presented  below: 

1.  Voltage  a/d  Converter 

A.  The  D.C.  function  of  the  A/d  converter  is  adequate  for  all  but  a 

very  few  high  accuracy,  low  level  voltage  measurements,  and  will 
satisfactorily  measure  the  outputs  of  response  monitors  which  pro¬ 
duce  a  D.C.  voltage  proportional  to  some  signal  characteristic. 

B.  The  A.C.  function  is  inadequate  for  voltage  tests, especially  in  the 

low  level  area  and  for  signals  above  5  KC.  The  accuracy  is  totally 
Inadequate  for  confidence  or  repair  tests  on  building  blocks  with 
output  signals  in  this  area. 

C.  The  resistance  function  does  not  meet  the  system  requirements  over 

the  entire  measurement  range. 

2.  Counter  -  Timer 

A.  The  range  and  accuracy  of  frequency  measurements  is  inadeqiiate 

for  measurements  utilizing  the  tremsfer  oscillators  of  the  auto¬ 
matic  teat  system. 

B.  The  range  and  accuracy  of  frequency  measurements  is  inadequate  for 

most  direct  frequency  measurements  above  1  KC  and  below  1  MC. 

C.  The  counter  is  incapable  of  pserfoming  confidence  tests  on  stimulus 

generators  of  the  automatic  test  system. 

D.  Time  interval  and  pjulse  width  measurements  required  of  the  automatic 

test  system  are  beyond  the  reuige  and  accuracies  of  the  counter¬ 
timer. 

3.  Display,  Printout,  Comp)arator 

Three  significant  digits  of  comparison,  display  and  printout  are  insuf¬ 
ficient  for  counter-timer  measurements  encountered  using  the  automatic  test 
system . 
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£:.1A.5 


(contd) 


4.  Logistics  Data  Output 

There  is  no  provision  for  insertion  of  end  item  identity  into  the 
automatic  test  system  so  the  matching  of  end  item  identity  and  data  output 
will  be  a  manual  procedure.  The  particular  end  item  will  have  to  be 
associated  with  a  particular  test  nxmiber  for  end  item  search  pxirposes.  This 
requires  assigning  sequences  of  test  numbers  to  end  items,  a  totauLly  un¬ 
satisfactory  procedure  ■^^en  the  number  of  tests  on  each  end  item,  the  number 
of  end  items  at  different  depots,  and  the  number  of  required,  test  tapes  are 
considered. 

5.  Computer  Control 

The  system  using  a  modified  AN/CiJQ-9  could  have  capabilities  of  trans¬ 
mitting  information  from  the  tape  to  the  Control  Computer  via  the  external 
assessory  output.  However,  the  automatic  test  system  with  Control  Computer 
uses  the  capabilities  of  the  Programmer-Controller  (under  direction  from 
the  c/c)  to  conduct  the  tests.  This  requires  an  input  on  the  Programmer- 
Controller  which  parallels  the  tape  information  input,  so  that  the  C/C  can 
operate  the  system.  A  modified  AN/gJQ-9  as  previously  described  lacks  this 
feature . 

6.  Operators  Efficiency 

Lack  of  system  controls  and  display  panels  at  each  test  bench  will  in¬ 
crease  an  operators  labor  for  performance  of  depot  servicing. 

2.1.5  Test  Bench 


Operations  or  tasks  to  be  performed  at  the  test  benches  of 
Figure  4  are: 

1.  Connection  of  the  cables  between  the  UUT  and  GPATS  to  the  ATE. 

2.  Substitution  of  good  modules  for  defectives  ones. 

3.  Setting  or  making  potentiometer  adjustments,  tuned  circuit  adLjust- 
ments,  etc. 

4.  Storage  of  mechanical  parts  removed  from  UITT  during  hook-up. 

The  operations  of  inserting  tube  socket  or  etched  card  connector 
adapters,  TEE  connectors,  clip  leads,  and  test  point  plugs  can  be  done  before 
the  unit  arrives  at  the  bench  by  use  of  suitable  UUT-to-GPATS  adapter  cable 
assemblies .  Replacement  of  defective  components  also  can  be  done  away  fran 
the  test  bench.  This  means  practically  no  work  surface  is  required  at  the 
test  bench. 
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2.1.5  (contd) 


Portable  test  benches  are  reccmmended  to  allow  for  pre -interconnecting 
the  black  box  or  module  to  be  serviced  away  from  the  test  equipment.  In  this 
manner  the  preparation  time  at  the  test  equipment  is  kept  to  a  minimum.  Two 
sets  of  UlfT-to-GPATS  adapter  cables  are  required.  The  portable  unit  also 
serves  as  a  convenient  transport  for  heavy  systems,  thus  reducing  the  chance 
of  UUT,  adapter  or  hook-up  cables  damsige  due  to  improper  handling  and 
dropping. 


A  lower  shelf  provides  additional  space  for  placement  of  special 
accessories . 

2.1.6  Peripheral  Equipment 

Equipment  located  adjacent  to  the  Programmer-Controller,  building 
block  racks  and  test  benches  is  required  primarily  for  performeuice  of 
fiinctlons  supporting  the  equipment  which  services  the  end  items.  When  re¬ 
quired  this  equipment  will  function  as  a  Computer-Controller,  directing 
tests  and  making  test  result  decisions  for  the  several  Programmer  Controllers 
with  which  it  is  associated. 

Wires  utilized  for  transfer  of  information  between  a  Programmer- 
Controller  and  the  time  shared  peripheral  equipment  are  shown  in  Figure  4 

Some  uses  of  the  peripheral  equipment  are  listed  below.  See 
Section  2.3* 

1.  Logistics  Data  Generation 

2.  History  of  units  by  serial  number 

3.  Reliability  studies 

4.  Test  equipment  logistics 

5.  Overhead  logistics 

6.  Production  Control 

7.  Machine  load  forecast  -pre-production,  production  scheduling 

8.  Automatic  tape  preparation 
9-  Code  conversion 

10.  Updating  test  tapes 

11.  Debugging  test  programs 

12.  Making  computations  as  required  in  test  procedures 

13.  Assembling  its  own  programs 

14.  Assembling  programs  for  ancillary  units 

15.  Performing  tests  where  self  program  modification  is  required 

2.1.7  Special  Accessories 

Special  test  items  whose  characteristics  are  different  than 
those  exhibited  by  the  defined  building  blocks  of  Appendix  2-45  will  be 
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2.1.7  (contd) 


required  for  servicing  seme  end  items.  See  Figure  4  .  Most  of  these 
are  unique,  special  purpose  items  vThich  have  been  previously  defined  and 
developed  for  end  items  already  serviced  by  depots.  Use  of  the  special 
test  items  would  be  considered  during  preparation  of  automatic  test 
programs  for  the  end  items  DAAFD  personnel  include  in  the  initial  use 
of  GPATS. 


Most  of  the  special  test  items  would  be  attached  to  the  UUT 
during  hook-up  of  the  cables  and  adapters.  The  limiting  factor  on  this 
would  be  the  size  of  the  accessory,  or  the  input/output  switching  require¬ 
ments  determined  necessary  for  proper  servicing  of  the  end  item. 

2.1.f  Common  Building  Block  Lines 

Modification  of  the  quantity  or  type  of  assembled  building  blocks 
by  addition  to  or  deletion  from  those  assembled  building  blocks  is  of 
primary  importance  as  this  is  a  factor  affecting  the  flexibility  and  versa¬ 
tility  of  the  General  Purpose  Automatic  Test  System.  It  must  be  performed 
with  a  minimum  of  oi)erator  decisions  and  labor. 

A  trunk  line  method  for  input/output  lines  perfoming  identicail 
functions  in  all  building  blocks  is  recommended.  These  lines,  designated 
common  building  block  lines,  may  be  looped  from  building  block  to  building 
block  if  a  dual  connector  scheme  is  included  in  each  building  block.  See 
Figure  4. 


1.  AC  Power 

The  quEuatity  of  building  blocks  on  each  A.C.  power  feeder  line  is  a 
function  of  allowable  line  losses  and  balancing  of  three  phase  lines  utilized 
for  single  phase  power. 

2.  Bench  Identity 

Bench  identity  infoimation  will  dictate  to  all  building  blocks  that 
bench  where  end  item  servicing  is  being  performed  at  that  time. 

3.  Building  Block  Identity 

Building  block  identity,  coded  information  present  on  seven  parallel 
lines  will  define  the  particular  type  of  building  block  to  be  programmed. 

Each  type  will  have  an  assigned  7  digit  coded  address.  Decoders,  preset 
by  switches  to  the  correct  code,  will  be  in  every  building  block.  See  Appendix 
46  Section  2.16  for  decoder  specification. 
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2.1.8  (contd) 


4.  Building  Block  Sub -identity  Code 

When  more  than  one  of  a  type  of  building  block  is  required  for  a 
test  set-up,  this  coded  parallel  4  line  bus  will  identify  the  specific 
one  of  a  type  to  be  programmed.  The  same  decoder  as  presented  in 
Parsigraph  2. 1.8. 5  will  be  utilized.  Two  sets  of  switches  are  required. 
Bench  identity  information  of  paragraph  2. 1.8. 2  will  determine  which 
set  of  switches  is  presetting  the  decoder.  After  the  decoder  determines 
coincidence  between  preset  values  and  Information  on  the  11  line  bus  ,  a 
program  enable  signal  is  generated. 

5.  Programming  Information 

Parallel  lines  common  to  all  building  blocks  will  supply  programming 
information.  Upon  receipt  of  a  program  enable  signal  from  the  decoder, 
paragraph  2. 1.8. 4,  the  quantity  of  lines  required  to  program  the  building 
block  will  be  sampled  and  information  present  will  be  stored  in  a  program 
memory  unit.  Specifications  for  this  program  memory  unit,  required  in  all 
building  blocks,  appear  in  Appendix  46  .  Functions  shall  remain  as  pro¬ 
grammed  \jntil  a  release  (reset)  command  is  received. 

Programming  information  shall  be  in  Binary  Coded  Decimal  form  weighted 
(8-4-2-1) . 

Twenty  programming  lines  shall  be  provided.  If  this  5  digit  capacity 
is  inusfflcient  to  program  all  functions,  circuitry  internal  to  a  building 
block  shall  sample  the  first  4  bit  digit  of  that  data  block,  decode  it,  and 
direct  the  following  4  digits  to  the  correct  program  memory  units.  The  next 
data  block,  directing  program  Information  into  other  program  memory  units 
will  increase  the  capability  to  8  or  9  digits.  A  33  digit  capacity,  more 
than  sufficient  for  programming  any  building  block  defined  during  this  con¬ 
tract,  is  obtainable  by  this  process. 

6.  Iteration  Command 

Iteration,  described  in  Appendix  46  ,  shaLLl  be  commanded  by  a 

signal  on  this  line.  Information  on  this  line  shaJ-l  work  in  conjunction 
with  program  enable  signals  to  advance  one  prograsased  function  of  a  build¬ 
ing  block  one  step. 

2.1.9  Uncommon  Building  Block  Lines 

Connection  of  command  and  input/output  leads  must  be  performed 
according  to  instructions  furnished  the  operator.  These  connections  must 
be  checked  euid  modified  as  required  whenever  end  itesis  are  changed. 

Specifications  presented  in  Appendix  46  contain  requirements 
for  connections  of  this  category. 
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2.1.10  Fall  Safe  Requirementa 


A  GPATS  must  Include  fail-safe  features  that  Initiate  an 
emergency  shutdown  when  a  major  malfunction  occurs.  This  shutdown  should 
affect  only  those  areas  of  GPATS  that  may  be  damaged  by  the  malfunction. 
Visual  indicators  are  required  to  aid  an  onerator  to  isolate  the  mal¬ 
function  . 


2.1.11  Maintenance  Philosophy 

Maximum  usage  of  GPATS  is  partially  dependent  upon  the  ease  and 
time  required  to  determine  that  malfvinctlon(s)  are  present,  the  time  to 
Isolate  the  malf unct 1 on ( s ) ,  aud  the  time  to  repair  the  malfunction(8) .  In 
the  following  material,  confidence  tests,  or  tests  to  determine  the  build¬ 
ing  blocks  operational  status,  are  treated  separate  from  tests  for  repair  of 
defective  building  blocks  and  modules.  Contractors  must  supply  instructions, 
cables,  adapters  and  test  programs  for  utilization  of  GPATS  to  perform  these 
tests.  Suitable  test  points,  readily  available,  are  required.  Only  the 
Programmer-Controller,  10  me  frequency  counter,  digital  multimeter,  power 
meter,  waveform  analyzer  and  switching  units  shoiild  be  used  for  maintenance 
tests  unless  a  contracto"'  proves  other  building  blocks  are  necessary. 

To  minimize  down  time  as  a  result  of  mal. function,  it  is  impera¬ 
tive  that  a  depot  utilizing  GPATS  accumulates  a  sufficient  stock  of  spare 
piece  parts  to  support  the  General  Purpose  Automatic  Test  System.  Standardi¬ 
zation  procedures  followed  during  the  development  of  GPATS  can  greatly  re¬ 
duce  the  quantity  of  piece  parts  required, 

2.1.11.1  Determination  of  Operational  Status 


Confidence  tests  may  be  performed  periodioadly  or  after  seme  NO-GO 
signals  when  GPATS  is  servicing  end  items.  By  minimizing  types  of  building 
blocks  required  for  confidence  tests  it  is  possible  to  connect  the  neces¬ 
sary  cables  as  the  building  blocks  are  assembled.  Extra  switching  units  would 
be  necessary  to  gain  this  advsuitage  of  shorter  time  requirements  for  per¬ 
formance  of  a  confidence  test. 

In  general,  response  monitors  will  require  standards  for  operational 
status  determination.  There  standard  test  signals  may  be  an  integral  part  of 
the  building  block  or  externally  supplied  by  standards  which  depots  have  at 
the  present.  However,  GPATS  response  monitors  should  be  sufficient  for 
check-out  of  most  stimulus  generators  euid  switching  units  if  this  approach  is 
followed  by  all  contractors. 

Failure  of  a  confidence  test  may  indicate  a  defective  cable,  build¬ 
ing  block,  or  it  may  Indicate  a  misaligned  building  block.  Simple  alignment 
procedures,  preferably  using  front  panel  controls,  may  correct  the  malfunction. 
Then  the  building  block  would  pass  a  repeated  confidence  test  and  servicing 
of  end  items  could  continue. 
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2.1.11.1 


(contd) 


Assumptions  of  GPATS  down-time  due  to  malfunctions  have  been 
considered  during  all  phases  of  this  study.  Procedures  for  scheduling 
end  items,  Section  2.6.4-,l,  allows  for  a  'JQfjo  GPATS  efficiency,  although 
malfunction  downtime  is  just  one  factor  contributing  to  this  figure.  Ad¬ 
herence  to  the  production  schedule  may  determine  whether  it  is  desirable 
to  utilize  GPATS  at  that  time  for  piece  part  isolation,  or  even  for  defective 
module  isolation,  if  si)are  operating  building  blocks  aire  available. 

2.1.11.2  Repair  of  Defective  Building  Blocks 

After  confidence  tests  have  isolated  the  defective  building  block 
of  the  General  Purpose  Automatic  Test  System,  it  must  be  decided  whether  to 
utilize  the  same  GPATS  set-up  for  repair  or  to  use  a  second  100^  operating 
GPATS  set-up  at  a  later  time.  Another  factor  affecting  this  decision  besides 
that  pjresented  in  the  above  paragraph  is  that  some  building  blocks,  such  as  a 
mxxltimeter,  will  require  an  operating  multimeter  for  defective  module  isolation. 

Maintenance  procedures  identical  to  that  assumed  for  servicing  end 
items  will  be  iised.  First  a  defective  module  will  be  Isolated  and  then  piece 
part  isolation  will  be  jwrformed.  As  in  paragraph  2.1.11,  the  contractor 
must  supply  instructions,  cables,  adapters  and  test  programs  for  utilization 
of  GPATS. 


2.1.11.3  Standards  for  Building  Block  Confidence  Tests 

Output  signal  tolerances  of  the  specified  building  blocks  have 
been  tabulated.  Figure  9  presents  output  characteristics  versus  the 
tolerance  required  for  that  chareuiteristic  of  the  building  block.  Frequency 
tolerances  are  presented  in  Figiire  3D(8)  instead  of  Figure  9  because  the 
tolerance  information  is  defined  in  a  different  manner. 

From  this  data  it  is  evident  that  a  voltage  standard  better  than 
O.l'jt,  a  frequency  standard  better  than  1  i>art  in  10 1  per  week  and  a  power 
standard  greater  than  1^  are  required  for  primary  GPATS  standards.  These 
represent  the  major  standards  requirements. 

’■nien  building  blocks  are  utilized  as  secondary  standards  for  check¬ 
out,  calibration,  or  verification  of  operational  status  of  other  building 
blocks,  a  specified  dependency  sequence  must  be  determined  and  followed  by 
GPATS  operating  personnel.  Thus  units  having  relatively  wide  tolerance 
characteristics  cannot  be  steuidards  for  calibration  or  checkout  of  building 
blocks  requiring  tighter  specifications.  Figures I0(b ), (c )  and  (d)  present 
building  block  secondary  standard,  or  calibration,  dependency  upon  a  primary 
voltaige  standard,  a  primary  power  standard  and  a  primary  frequency  standsurd. 

The  quantity  and  hook-up  problems  of  primary  standards  can  be 
minimized  by  this  procedure. 
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OUTPUT  TOLERENCE 


10%  -  100% 

OSCILLATOR 

950MC  -  1250MC 
(POWER) 

OSCILLATOR 

8.5GC  -  12.4GC 
(POWER) 

OSCILLATOR 

2.6GC  -  3.9GC 
(POWER) 

OSCILLATOR 
12.4GC  -  ISUGC 
(POWER) 

PEAK  POWER 

METER 

(POWER) 

4%  -  10% 

NOISE  GENERATOR 
50,  70,  100  & 
300OHMS  (POWER) 

RESISTIVE  LOAD 
(RESISTOR  TOL. ) 

— 

INDUCTIVE  LOAD 
(INDUCTOR  TOL. ) 

CAPACITIVE  LOAD 
(CAPACITOR  TOL. ) 

1 

ec 

OSCILLATOR 

40MC  -  400MC 
(POWER) 

IMPEDANCE 

METER 

POWER  METER  & 

REFLECTOMETER 

(POWER) 

WAVEFORM 
ANALYZER 
(AM  DETECTOR) 
(PEAK  DETECTOR) 

SPECTRUM 
ANALYZER 
(OUTPUT  FREQ. ) 

POWER  SUPPLY 
500V  -  6000VDC 

_ 

3 

AC  SUPPLIES 

400CPS 

AC  SUPPLY 

30CPS 

OSCILLATOR 

30KC  -  40MC 

1 

• 

1 

OSCILLATOR 

0.  ICPS  -  30KC 

PULSE 

GENERATOR 
(PULSE  AMPLITUDE) 

DIGITAL 
MULTIMETER 
(AC  &  DC) 

POWER  SUPPLY 

0.  IV  -  35VDC 

POWER  SUPPLY 

22V  -  32VDC 

POWER  SUPPLY 

30V  -  500VDC 

Figure  9 


Bulilir^  Block  Characteristic 
Tolerance  Tabulation 
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Figure  10(a)  Building  Block  Frequency 
Tolerance  Tabulation 
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Figure  10(d)  Building  Block  Dependency - 
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2.1.11.3  (contd) 


Use  of  existing  depot  standards  shovild  be  considered,  aJ.tho\igh 
adequate  new  standards  could  be  procured  If  a  depot  lacks  a  particular 
capability. 

2.2  Code  Conversion 
2.2.1  Sianary 

Code  conversion  whereby  an  existing  Prograomer  Controller  tape 
can  be  processed  to  produce  a  tape  for  a  different  type  of  Progranmer- 
Controller  was  studied  as  part  of  the  study  extension.  Pour  Prograomer 
Controllers:  AN/gjq-9,  Nortronlcs  Datlco,  Lavoie  Robotester  and  General 
Dyanmlcs  SCATS  were  considered. 

One  approach  to  code  conversion  Is  use  of  a  coaiputer.  A 
genered  purpose  digital  machine,  suitably  programmed  and  equipped  with  tape 
readers  and  punches  can  convert  from  one  p/c  code  to  another  when  comparable 
functions  exist  In  both  P/C's.  The  computer  program  can  also  delete  tests 
when  converting  from  a  complex  p/C  tape  to  a  simpler  P/c  tape.  However,  use 
of  a  custom  designed  Code  Converter  rather  than  the  computer  technique  Is 
favored  for  the  following  reasons : 

A.  Additional  input-output  devices  required  for  a  general  purpose  computer. 

B.  High  programming  skill  level  required  for  a  computer. 

C .  Scheduling  problems  Involved  with  the  computer . 

D.  Code  conversions  can  be  combined  with  manual  tape  program  preparation 
operations  In  a  single,  easy  to  use  unit. 

The  last  reason  Is  considered  the  strongest  argument  for  a  new 
device.  By  means  of  a  test  program  keyboard,  tape  sequences  can  be  modi¬ 
fied  to  any  extent  desired  during  conversion.  Also  completely  new  tapes 
can  be  made  up  with  relative  ease.  A  complete  performance  specification 
for  this  type  unit  is  Included.  Although  the  unit  specified  can  be  used 
to  preiiare  and  read  Robotester  tapes,  It  does  not  convert  to  or  from  Robo¬ 
tester  format  using  smother  P/C  code.  The  Robotester  functions  are  limited 
In  comparison  to  the  other  p/c's  and  conversion  does  not  appear  practical 
in  this  case. 

Included  In  this  section  is  a  suggested  IBM  format  for  use  by  a 
prime  equipment  manufacturer  In  listing  test  data  for  his  electronics  unit. 
Extracting  test  data  for  an  ATE  test  program  from  present  Technical  Manuals 
Is  a  laborious  s’’"’  difficult  process.  In  future  prime  equipment  procurements, 
teat  data  can  be  furnished  in  a  much  more  useful  and  complete  format. 
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2.2.2 


Code  Oonvarter  Tape  Progitun  Preparation  Unit 

A  ccsplete  perfomance  specification  for  a  Code  Converter  Is 
Included  In  Appendix  I  .  This  specification  describes  a  Code  Converter 
tape  program  preparation  \inlt  which  will  fully  meet  the  depot's  program¬ 
ming  requirements  using  existing  Programmer  Controllers.  This  specification 
can  be  easily  extended  to  Include  the  time  shared  P/C  described  In  this  report 
by  adding  the  requirement  for  an  additional  decoder  and  encoder.  The  key¬ 
board,  data  storage,  Input  and  output  devices  and  displays  would  remain  un¬ 
changed. 


The  Code  Converter  described  in  the  specification  will  provide 
for  conversion  from  one  selected  p/c  code  to  another  within  limitations  im- 
X>osed  only  by  the  p/c  capabilities  themselves.  For  example,  the  AN/gJQ-9 
has  a  programmed  time  ADC  comparator  not  found  elsewhere.  The  Datlco  has 
5  digit  limits,  AN/GoQ-9  and  SCATE  use  3  digit  limits.  Robotester  does  not 
use  programmed  limits  at  all  but  uses  a  programmed  measured  value  with  limits 
expressed  as  percentages  of  this  measured  value.  The  Code  Converter  speci¬ 
fication  does  not  call  for  converting  Robotester  tapes  to  other  tapes  or 
conversion  from  other  tapes  to  Robotester  tapes  as  this  Is  not  considered 
practical  because  of  limit  and  measured  value  computations  Involved  and 
because  of  the  relatively  limited  performance  capability  of  the  basic  Robo¬ 
tester.  However,  the  specification  does  provide  for  preparation,  dupli¬ 
cation,  verification  and  modification  of  Robotester  tapes.  Converting  from 
Robotester  tapes  to  other  P/c  tapes  would  require  multiplication  capability 
to  arrive  at  digital  limits  by  multiplying  the  Robotester  tape  measured  value 
by  Its  tolerance  (expressed  as  a  decimal  number  rather  than  a  percent).  Other 
test  data  such  as  timer  value  and  stimulus  switching  conmands  would  have  to 
be  added  by  keyboard  or  other  means  to  the  test  sequence.  If  converting  to 
Fibotester  tapes  from  Datlco  tapes,  for  example,  the  Robotester  measured 
value  could  be  calculated  from  Datlco  high  sued  low  limits  as  the  average  of 
high  limit  +  low  limit.  Percent  tolerance  for  the  Robotester  tape  could 
then  be  calculated  as  High  limit  -  low  limit  ^  inn 

HiSi  liJnrt'  +  Iw  limit  "" 

This  value  must  be  rounded  off  to  10  or  20^.  As  stated  above,  it 
Is  not  considered  practical  to  burden  the  Code  Converter  with  this  calcula¬ 
tion  or  approximation. 

Tlie  Code  Converter  as  specified  can  automatically  convert  stimuliis 
and  test  point  relay  selection  commands  from  one  tape  to  another.  However 
this  requires  consideration  of  test  point  and  stimulus  relay  adapter  cable 
wiring  for  the  \inlt  under  test.  Wiring  of  a  Datlco  adapter  cable  and  an 
AN/GJQ-9  adapter  cable  for  the  same  unit  under  test  must  allow  scanner  test 
point  nimiber  1  in  the  AN/gJQ-9  to  connect  to  the  same  point  that  connected  to 
Datlco  test  point  1  through  its  peculiar  adapter  cable.  If  adapter  cable 
wiring  does  not  correspond,  the  Datlco  tape  information  for  test  point 
selection  can  be  deleted  and  by  meams  of  the  Code  Converter  keyboard,  the 
desired  AN/gjq-9  test  point  assignment  can  be  made. 
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2.2.2 


(contd.) 


I 

1 
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■r 


The  Code  Converter  doea  provide  for  differences  in  basic  p\anched 
tape  fomats.  For  exaaple,  the  tape  level  or  channel  reserved  for  parity 
differs  in  SCATE  and  AN/GJQ-9.  Also,  the  AN/gJQ-9  and  Datico  use  one  row 
at  a  time  programming  while  SCATE  and  Robotester  use  data  block  prograaming. 
The  specification  calls  for  a  data  storage  function  which  allows  for  these 
variations.  Several  rows  of  tape  information  or  even  several  data  blocks 
can  be  read  off  the  input  tape  into  data  storage.  Prom  data  storage,  the 
information  can  be  read  out  in  a  different  order  or  sequence  as  required  for 
the  output  tape. 

A  typical  Datico  test  (Test  l64  Handbook  of  Test  Instructions 
an/arc -27  Service  Section)  uses  the  following  order  of  test  data  in  the  test 
sequence : 

1.  Test  number 

2.  Stimulus  selection 
3-  High  limit 

4.  Low  limit 
5  •  Measurement  type 

6.  Test  point  selector 

7 .  Conversion  command 

8.  Stimulus  selector 

9*  Start  back  up  timer,  wait  for  coincidence 

The  corresponding  sequence  for  SCATE-203  would  be: 

1.  Test  nxanber 

2.  Stimulus  selection 
3 •  Measurement  type 

4.  Test  point,  distribution  point  selection,  group  1. 

5 .  Low  limit 

6.  High  limit  (Conversion  Command  is  automatic  and  initiated  by  a  delayed 
high  limit  address) 

7*  Stimulus  selector 
8.  Timer  reset 
9-  Start  timer 

Inherent  Programmer  Controller  differences  will  result  in  the 
elimination  of  some  test  data  auid  some  entire  tests  when  converting  from 
one  P/c  tape  to  a  sirp-iler  p/c  tape.  When  converting  from  a  simple  P/c 
tape  to  a  more  complex  p/c  tape,  additioned  test  data  or  complete  tests 
may  be  inserted  by  using  the  specified  keyboard. 

The  specification  provides  for  a  printout  of  all  test  data  for 
each  test  sequence  on  an  input  tape.  This  will  be  useful  for  verification 
and  identification  of  infoimation  on  old  tapes  or  newly  made  tapes.  Display 
of  tape  information  added  from  the  keyboard  will  also  be  possible  with  the 
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2.2.2  (contd) 


I 

I 

I 

1 

i: 

1. 

I 

T 

* 

1 

1 


printer  described.  During  a  tape  to  tape  conversion,  a  data  block  con¬ 
sisting  of  one  or  more  rows  of  tape  information  (from  one  address  to  the 
next  address)  will  be  read  into  data  storage.  This  input  tape  data  can 
also  be  printed  out.  It  will  not  yet  be  converted  and  transferred  to  the 
output  tape  unless  cosmanded  by  the  operator.  If  the  operator,  by  means 
of  the  keyboard,  changea  or  adda  to  thia  data  in  data  atorage,  a  second 
printout  will  occur.  The  tape  punch  can  then  be  swjtivated,  pimching  the 
modified  data  into  the  output  tape. 

Tape  preparation  for  any  of  the  four  Programmer  Controllers  will 
be  possible  using  the  keyboard.  It  will  enable  setting  up  a  ccnplete  test 
sequence  Including  test  number,  type  measurement,  range,  test  point  selection, 
limits,  etc.,  before  actual  tape  punching  occurs.  This  is  due  to  the  data 
storeige  capacity  8p»i  -,ified,  which  can  accommodate  the  lengthiest  test  sequence 
possible  for  each  of  the  P/C's.  The  operator  can  have  a  printout  of  the  test 
sequences  before  punching  to  visueLLly  check  for  omissions  or  errors.  Upon 
punch  command,  a  series  of  data  blocks,  in  correct  order  will  be  punched, 
corresponding  to  the  data  storage  information. 

2.2.3  IBM  Card  Foimat  for  Prime  Equipment  Manufacturer  Use 

The  overall  approach  to  valid  and  economical  test  program  pre^ 
I>aration  should  capitalize  on  the  prime  equipment  manufacturer’s  design  and 
testing  experience  on  his  own  product.  It  is  recommended  that  documentation 
requirements  of  prime  contracts  eventually  include  test  data  in  a  form  much 
more  applicable  to  an  automatic  test  system  than  occurs  at  present.  This 
will  require  furnishing  the  prime  contractor  a  description  of  the  automatlG 
test  system  to  be  used  and  having  prime  equipment  test  and  maintenance 
procedures  engineered  using  the  ATE  system  capabilities  and  building  block 
performance  characteristics.  It  is  considered  that  limits  on  testing  can 
also  be  best  detemined  by  the  prime  equipment  manufacturer.  The  design 
engineer  normally  tests  his  circuits  to  the  p>oint  of  failure  by  power  supply 
voltage  variation  and  component  vaQ.ue  variation. 

He  must  do  this  to  properly  specify  power  supply,  component  values 
and  input -output  signaJ.  tolerances. 

The  design  engineer  must  further  prepare  factory  test  procedures 
and  furnish  information  for  maintenance  manuals.  Because  of  these  factors, 
the  prime  contractor  is  considered  to  be  the  beet  source  of  basic  teat  data 
which  will  be  liltlmately  assembled  into  ATE  test  routines.  Basic  test  data  that 
can  be  furnished  by  the  prime  contractor  includes: 
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2.2.3  (contd) 

1.  Unit  number  by  Air  Force  designation  as  detemined  by  T.O.  00“25-06;, 
Technical  Manual,  Field  Maintenance  Shops,  "Communication,  Aznament 

and  Electronic  Equipment  Work  Unit  Code  Mantial"  and  subsequent  revisions 
thereto . 

2.  Type  of  measxireiiienta  oust  be  recorded,  inclTidlng  parameter,  high,  low 
limit  and  nominal  value,  as  well  as  connectors  and  pins  used  for  test 
point  and  teat  point  common  connections.  When  three  connections  are 
needed,  as  for  ratio  measurement,  two  active  test  points  and  a  common 
pin  must  be  identified.  It  is  also  recommended  that  the  prime  equip¬ 
ment  manufacturer  assign  test  numbers  as  a  means  of  relating  measure¬ 
ment  IBM  cards  to  atlmtilua,  load  or  power  requirement  IBM  cards  for 
the  test  in  question.  Three  or  four  digit  preliminary  teat  numbers  can 
be  used  with  these  test  data  cards.  The  depot  ATE  programmer  can  add  one 
or  two  additional  digits  to  these  preliminary  test  numbers  for  identifica¬ 
tion  of  a  particular  manufacturer's  unit  among  several  diverse  units  whose 
test  programs  may  be  on  a  single  depot  tape  program. 

An  IBM  format  recommended  for  measurement  data  and  test  points  is  shown 
in  Figure  11  .  Six  digits  for  nominal  value  and  limits  of  all  measure¬ 
ments  except  frequency  are  considered  necessary  for  existing  equipment  and 
future  adveuices  in  measurement  resolution.  However,  allowing  eight  digits 
anticipates  a  100  MC  counter  ATE  system  and  future  measurements  of  1  part 
in  10°  accuracy. 

3.  A.C.  power  requirements  can  be  recorded  using  the  IBM  format  of  Pig.  12 
The  tests  requiring  this  A.C.  power  are  noted  by  a  range  of  test  numbers. 

A  voltage  tolerance  entry  is  also  included  as  the  list  of  building  blocks 
Includes  coarse  and  fine  regulated  AC  units.  Required  warm  up  time  for 
the  unit  under  test  to  stabilize  is  entered.  This  is  interpreted  as 
delay  time  or  timer  value,  to  be  programmed  immediately  preceding  the 
first  test  nimiber  using  the  A.C.  power. 

4.  D.C.  power  requirements  can  be  tabulated  on  IBM  cards  using  the  IBM 
format  of  Figure  13  •  This  format  is  similar  to  that  used  for  A.C. 
power  data. 

5.  Stimulus  requirements  from  audio  or  R.F.  signed,  generator  building  blocks 
are  listed  on  the  format  shown  in  Figure  14  .  Here  again,  the  range  of 
test  numbers  discloses  when  during  the  sequence  the  generator  output  is 
applied.  If  the  same  signal  is  required  for  more  than  one  test,  the 
obvious  procedure  is  to  run  these  tests  ccnsocutively.  If  this  is  not 
feasible,  an  additional  card  can  be  used  to  signify  the  break  in  test 
number  sequences. 


-32- 


2.2.3  (contd) 


6.  A  card  format  for  pulse  generator  stlmulxis  Is  shown  in  Figure  15 
and  Figure  I6  .  Possible  complex  pulse  pattern  definition  cannot 

be  adequately  described  using  a  format  common  to  sine  wave  generators, 
accounting  for  this  second  stimulus  card  format. 

Sheet  1  of  pulse  stimulus  requirements  format  describes  single  pulse 
or  recurrent  pulse  burst  requirements .  Fields  21  -  28  give  period  in 
seconds.  This  is  the  time  measured  from  the  leading  edge  of  one  pulse 
to  the  leading  edge  of  the  next  pulse,  whether  the  two  pulses  occur 
singly  or  as  the  first  two  pulses  in  a  burst.  Entries  in  fields  46“53> 
give  pulse  group  period  in  seconds.  When  single  piolses  occur,  this  entry 
is  not  applicable.  In  this  case  it  would  be  the  same  as  pulse  period, 
considering  the  group  as  a  one  pulse  group.  When  pulse  pairs  or 
triplets  or  other  pulse  bursts  occur,  fields  46-53  give  the  time  interval 
from  the  start  of  one  burst  to  the  start  of  the  second  similar  burst. 

The  pulse  shape  description  determines  whether  the  function  generator 
building  block  is  needed  in  addition  to  the  pulse  generator  for  trape¬ 
zoidal  or  sawtooth  waveforms.  The  pulse  group  number,  fields  43-45 
is  used  in  event  a  pulse  pattern  is  composed  of  recurrent  diverse  groups, 
with  pulses  in  each  group  differing  in  width  and.  spacing.  For  example, 
a  burst  of  half  microsecond  pulses  spaced  one  microsecond  apart  m&y  be 
followed  at  a  fixed  time  Interval  by  a  burst  of  3  microsecond  pulse? 
spaced  5  microseconds  apart  in  an  alternating,  recurrent  fashion.  Two 
sheet  I's  would  be  used  to  describe  each  burst  separately.  Sheet  2 
would  give  the  time  relationship  of  burst  1  to  burst  2.  Sheet  2  also 
allows  for  recording  of  modulation  information  such  as  sinusodial  eunpli- 
tude  modulation  or  FRF  rate  frequency  modulation.  A  pulse  train  code 
can  also  be  recorded  in  the  30  spare  fields.  However,  it  is  expected 
that  few  sheet  2  formats  will  be  used. 

7.  Figure  17  is  a  suggested  format  for  load  requirements.  Unless  the 
contraw:tor  notifies  the  Air  Force  otherwise,  it  will  be  assumed,  that 
load  power  ratings  are  within  the  load  building  block  specifications. 

i 

For  the  seven  types  of  card  formats  described,  field  6  can  be 
used  to  identify  one  of  the  seven  categories  listed  above.  Fields  "(  and  8 
can  be  used  to  identify  more  than  one  card  of  information  associated  with  a 
particular  basic  card.  For  example,  to  fully  describe  a  digital  measure¬ 
ment  will  require  voltage  level  Information  at  a  number  of  test  points, 
certainly  greater  than  three.  Other  associated  cards  may  list  connector 
type  by  federal  stock  number  or  cable  information.  Still  other  cards  may 
correlate  ATE  test  point  assignment  to  UUT  connector  pins. 
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Figure  11 


IBM  Format  for  Type  Measurement 


Field 
1  -  5 
6 

7  -  8 
9 
10 
11 


Data 

Air  Force  Unit  number 

Letter  code  for  type  measurement 

Card  number  1  •  99 

Hundred  thousands  digit,  test  nixmber 
Ten  thousands  digit 
Thousands  digit 


12 


Hundreds  digit 


13  Tens  digit 

14  Units  digit 


15-22  Type  measurement 


Volt  DC 
Volt  AC 

(voltage  DC) 

Res  2 

(resistance  2  wire) 

Res  4 
Ratio  DC 
Ratio  AC 

(resistance  4  wire) 

In  phase 

(in  phase  component  of  cotplex 
waveform) 

Quad 

(quadrature  ccmponent  of  compie 
waveform) 

Freq 
Period 
Width 
Series  RC 
Series  P.L 

(frequency) 

Par  RC 

(parallel  RC) 

Par  RL 
Capac ity 

(parallel  RL) 

Induct 

Time 

Ratio 

Events 

( Inductance ) 

Power  PK 

(Peak  power) 

Power  AV 

(Average  power) 

Figure  11  (contd) 


Field 

15  -  22  (contd) 


23 

21+ 

25 

26 

27 

28 

29 

30 

31  -  38 
39  -  46 
47  -  49 

50  -  52 

53  -  57 

58  -  60 


Data 


Digital 

Imped  (impedance) 

Rise  Time 
Fall  Time 

Volt  PK  (Peak  voltage) 

Slope 

Phase 

Ten  millions  digit,  high  limit 

Millions  digit 

Hundred  thousands  digit 

Ten  thousands  digit 

Thousands  digit 

Hundreds  digit 

Tens  digit 

Units  digit 

Same  data  as  23  -  30  for  low  limit 

Same  data  as  23  *  30  for  nominal  value 

Multiplier,  as  K  for  kilo,  M  for  milli,  U  for 
micro,  UU  for  micro  micro,  N  for  nano, 
for  meg  or  mega 

Unit,  as  V  for  volt,  OHM,  C  for  cycle,  w  for 
watt,  SEC  for  second,  DEG  for  degree,  FD  for 
farad,  HY  for  henry,  VS  for  volt -seconds . 

Test  point  connector  or  connection  for  line 
as  P,  J,  TP,  TB,  V,  Q,  T,  R,  C,  L,  numuer 
designation 

Above  connector  pin  or  connection  terminal 
letters  or  number 


61  -  65 


Test  point  common  connector  or  line  2  connection 


Figure  n  (contd) 


Field 
66  -  68 
69  -  73 

71+  -  76 


Data 

Above  connector  pin  or  connection  point 

Test  point  reference  or  line  3  for  ratio  tests, 
time  interval  stop  input 

Above  connector  pin  or  connection  point 
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Figure  12 


Field 
1  -  5 
6 

7  -  8 
9 
10 
11 
12 

13 

14 

15  -  20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


IBM  Foraunt  for  A.C.  Power  Requirements 

Date 

Air  Force  unit  number 
Letter  code  for  A.C.  power 
Card  number  1-99 

Hundred  thousands  digit,  "from"  test  number 

Ten  thousands  digit 

Thousands  digit 

Hundreds  digit 

Tens  digit 

Units  digit 

Same  type  of  data  as  9  through  14  for 
"to"  test  number 

Thousands  digit,  A.C.  voltage  in  volts 

Hundreds  digit 

Tens  digit 

Units  digit 

Decimal  point 

Tenths  digit 

Thousands  digit,  A.C  frequency  in  cycles 
Hundreds  digit 
Tens  digit 
Units  digit 

Multiplier,  K  for  kilo 

Hundreds  digit,  load  current  in  amperes 
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Figure  12  (contd) 


Field 

33 

3U 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 
4? 

48 

49  -  53 
54  -  56 
57  -  59 
6o  -  62 
63  -  65 


Data 

Tens  digit 
Units  digit 
Decimal  point 
Tenths  digit 

Multiplier,  M  for  millieunperes,  U  for 
Microamperes 

Tens  digit,  voltage  tolerance 
Units  digit 
Decimal  point 
Tenths  digit 

Percent  tolerance,  or  voltage  tolerance,  V 

Tens  digit,  fraquaney  tolerance 

Units  digit 

Decimal  point 

Tenths  digit 

Percent  tolerance,  or  frequency  tolerance 

in  cycles,  C 

Units  digit,  no.  of  ph#.8es 
Connector  designation,  P,  J,  or  TB  number 
Above  connector  pin  for  phase  1  input 
Above  connector  pin  for  phase  2  input 
Above  connector  pin  for  phase  3  Input 
Above  connector  pin  for  common  input 
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Figure  12  (contd) 


Field  Data 

66  Hundreds  digit,  warm  up  time  in  seconds 

67  Tens  digit 


68 


Units  digit 


39 


Field 

1-5 

6 

7  -  8 
9 
10 
11 
12 

13 

14 

15  -  20 

21 

22 

23 

24 


25 

26 

27 

28 

29 

30 

31 

32 


Figure  13 

IBM  Format  for  D.C.  Power  Requirements 

Data 

Air  Force  unit  number 

Letter  code  for  D.C.  power  supplies 

Card  number  1-99 

Hundred  thousands  digit,  "from"  test  number 

Ten  thousands  digit 

Thousands  digit 

Hundreds  digit 

Tens  digit 

Units  digit 

Same  type  of  data  as  9  through  14  for  "to" 
test  number 

Polarity,  D.C.  voltage 

Thousands  digit,  D.C.  voltage  in  volts 

Hundreds  " 

Tens  digit 

Units  digit 

Decimal  point 

Tenths  digit 

Hundredths  digit 

Tens  digit,  voltage  tolerance 

Units  digit 

Decimal  point 

Tenths  Digit 


-40- 


Figure  13  (contd) 


Field  Data 


33 

Hundredths  digit 

34 

Thousandths  digit 

35 

Percent  tolerance  (^)  or  voltage  tolerance 
(V) 

36 

Thousands  digit,  load  current  in  amperes 

37 

Hundreds  digit 

38 

Tens  digit 

39 

Units  digit 

40 

Decimal  point 

4l 

Tenths  digit 

42 

Multiplier,  M  for  milli,  (J  for  micro 

43  - 

47 

Connector  designation  P,  J,  TP,  or  TB  number 

1^8  - 

50 

Above  connector  pin 

51  - 

55 

Common  connector  designation 

56  - 

58 

Above  common  connector  pin 

59 

Hundreds  digit,  warm  up  time  for  unit  under 
test,  in  seconds 

60 

Tens  digit 

61 

Units  digit 

Figure  l4 

IBM  Ponaat  for  A.P.  euid  R.F.  Stimulus  Generator  Requirements 


Field 
1  -  5 
6 

7  -  8 
9 

10 

11 

12 

13 

14 

15  -  20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Data 

Air  Force  tinit  number 

Letter  code  for  A>F>  and  R.F.  stimulus  Gen. 

Card  number  1-99 

Hundred  thousands  digit,  "fron"  test  number 

Ten  thousamds  digit 

Thousands  digit 

Hundreds  digit 

Tens  digit 

Units  digit 

Same  type  of  data  as  9  through  l4  for  "to" 
test  number 

Ten  thousands  digit,  frequency  in  cycles 

Thousands  digit 

Hundreds  digit 

Tens  digit 

Units  digit 

Decimal  point 

Tenths  digit 

Hundredths  digit 

Multiplier  as  K  for  kilo,  M  for  Mega,  G  for  gega, 
blank  for  cycles 

Hundreds  digit,  output  level 
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Figure  l4  (contd) 


Field 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44-46 

47 

48 

49 

50 

51 

52 

53 


Pete 

Tens  digit 
Unite  digit 
Decljeal  point 
Tenths  digit 
Hundredths  digit 

Multiplier,  U  for  micro,  M  for  miUi 

Unit,  W  for  vs,tt,  V  for  volts 

Hundreds  digit,  load  In  ohms 

Tens  digit 

Units  digit 

Decimal  point 

Tenths  digit 

Multiplier,  M  for  meg.,  K  for  kilo 

Type  modulation,  as  AM,  M,  TM 

Thousands  digit,  modulation  frequency  in  cycles 

Hundreds  digit 

Tens  digit 

Units  digit 

Multiplier,  K  for  kilo,  M  for  mega 
"blank  for  cycles 

Thousands  digit,  frequency  deviation  in  cycles 

(m) 

Hundreds  digit,  frequency  deviation 


-43- 


Figure  Ilf  (contd) 


Field 

54 

55 

56 

57  -  6l 
62-64 
65  -  69 
70  -  72 

73 

74 


Data 

Tens  digit,  frequency  deviation  or  ^  nod. 

Unite  "  "  ”  "  " 

Multiplier,  K  for  kilo,  M  for  nega  er  ^ 

Conneotor  designation,  P,  J,  TP,  or  TB  aunber 

Above  eonnootor  pin 

Cannon  aonneotor  designation 

Above  eennon  connector  pin 

Tons  digit,  $  distortion 

Units  "  "  " 


Figure  I5 

IBM  Poznat  for  Pulse  Stimulus  BequlrementS;  Sheet  1 


Field 

I  -  5 
6 

7  -  8 
9 

10 

II 
12 
13 

lU 

15  -  20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


Data 

Air  Force  unit  number 

Letter  code  for  pulse  generator,  sheet  1 

Card  number  1-99 

Hundred  thousands  digit,  "from"  test  number 

Ton  thousands  digit 

Thousands  digit 

Hundreds  digit 

Tens  digit 

Units • digit 

Sams  typo  of  data  as  9  through  14  for  "to" 
test  number 

Thousands  digit,  pulse  period  in  seconds 

Hundreds  digit 

Tens  digit 

Units  digit 

Declmeil  point 

Tenths  digit 

Hundredths  digit 

Multiplier,  U  for  micro,  M  for  milll 
Polarity  of  pulse 

Hundreds  digit,  peak  amplitude  in  volte 
Tens  digit 
Units  digit 
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Figure  15  (contd) 


Field 

Data 

33 

Decimal  point 

Tenths  digit 

35 

Thousands  digit,  pulse  width  in  seconds 

36 

Hundreds  digit 

37 

Tens  digit 

38 

Units  digit 

39 

Dec  Inal  point 

40 

Tenths  digit 

4l 

Hundredths  digit 

42 

Multiplier,  U  for  Micro,  M  for  milll, 

N  for  nano 

43 

Hundreds  digit,  no.  of  pulses  per  group 

44 

Tens  digit 

45 

Units  digit 

46 

Thousands  digit,  period  of  similar  pulse 
groups  in  seconds 

47 

Hundreds  digit 

48 

Tens  digit 

49 

Units  digit 

50 

Decimal  point 

51 

Tenths  digit 

52 

Hxandredths  digit 

53 

Multiplier,  M  for  milli,  U  for  micro 

54 

Tens  digit, Identification  number  of  pulse 
group  whose  characteristics  are  listed 
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Figure  15  (contd) 


Field 

• 

Data 

55 

Units  digit 

56  - 

60 

Connector  or  connection  to  which  pulse  is 
applied,  as  P,  TB  designation 

61  - 

63 

Above  connector  pin 

64  - 

68 

Ccemon  connector  or  connection  designation 

69  - 

71 

Coemion  connector  pin  or  connection  tezvlnal 

72  - 

73 

Pulse  shape,  BECT  for  rectangular,  SAHTTH  for 
sawtooth,  TRAP  for  trapezoidal 

Figure  l6 

IBM  Foraat  for  Pulse  Stlimilus  Requirements,  Sheet  2 


Field 

I  -  5 
6 

7  -  8 

9 

10 

II 
12 

13 

14 

15-20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Data 

Air  Force  Unit  Number 

Letter  code  for  pulse  stlmilus,  sheet  2 

Card  nimber  1-99 

Hundred  thousands  digit,  "from" test  number 

Ten  thousands  digit 

Thousands  digit 

Hundreds  digit 

Tens  digit 

Units*  digit 

Same  type  of  data  as  9  throu^  l4  for  "to" 
test  number 

Thousands  digit,  dissimilar  pulse  group  spacing 
in  seconds 

Hundreds  digit 

Tens  digit 

Units  digit 

DecimSLL  point 

Tenths  digit 

Hundredths  digit 

Multiplier  as  U  for  micro,  M  for  milll,  blank 
for  seconds. 

Hundreds  digit,  indentiflcation  number  of 
pulse  group  considered  as  time  reference  group 

Units  digit 
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Figure  l6  (contd) 

Field 

Data 

31 

Dash 

32 

Hundreds  digits  Identification  number  of 
dissimilar  pulse  group  vhose  time  relation 
to  first  group  Is  being  described 

33 

Units  digit 

3^^  -  36 

Typo  modulation  as  AM,  FM 

37 

Ten  thousands  digit,  modulation  frequency 

In  cycles 

38 

Thousands  digit 

39 

Hundreds  digit 

40 

Tens  digit 

41 

Units  digit 

42 

Ten  thousands  digit,  FRF  deviation  In  cycles 

43 

Thousands  digit 

44 

Hundreds  digit,  FRF  deviation  or  ^  modulation 

1+5 

Tens  digit 

46 

Units  digit 

47 

Percent  (')&)  or  C,  cycles 
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Figure  17 

IBM  Format  for  Load  Requirements 


Field 
1  -  5 
6 

7  -  8 
9 
10 
11 
12 
13 

Ik 

15  -  20 

21 

22 

23 

24 

25 

26 

27 

28 

29  -  30 
31  -  35 


Air  Force  \init  number 
Letter  code  for  loads 
Card  number  1-99 

Hundred  thousands  digit,  "from"  test  number 

Ten  thousands  digit 

Thousands  digit 

Hundreds  digit 

Tens  unit 

Units  digit 

Same  type  of  data  as  9  through  14  for  "to" 
test  number 

Thousands  digit,  load  value 
Hundreds  digit 
Tens  digit 
Units  digit 
Decimal  point 
Tenths  dig'.t 
Hundredths  digit 
ThouBEUfidths  digit 

Multiplier,  as  K  for  Kilo,  U  for  micro,  iJJ  for 
micro  micro,  and  M.  for  milli 

Unit,  as  OHM,  MEO  (megohms),  FARAD  or  ilEMRY 
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Figure  17  (contd) 


Field 
36  -  40 

4l  -  43 
44  -  48 

49  -  51 


Data 

Test  point  connector  designation,  P,  J,  TP 
TB  number 

Above  connector  pin 
Common  connector  designation 


Above  connector  pin 


2.3  Summary  on  Control  Computer  with  Data  Processing  Capability 

2.3«1  General  Summary 

Studies  Indicate  that  there  Is  a  requirement  for  a  sophisticated 
computer  type  checkout  device  at  this  depot.  There  are  requirements  for 
data  handling  functions  to  support  the  automated  facility.  The  approach 
recommended,  and  the  one  believed  to  be  the  most  practical  and  economical, 

Is  to  Include  both  data  processing  and  control  capabilities  In  the  same 
machine,  and  to  Integrate  a  group  of  serial  type  Controller  Programmers 
Into  the  system.  Other  models  of  the  Control  Computer  may  be  fabricated 
for  future  requirements  from  the  same  drawings  less  only  the  versatile 
data  handling  facilities. 

SoBM  of  the  uses  of  the  Control  Computer  with  Data  Processing 
Capabilities  are: 

1.  Logistics  Data  Generation 

2.  History  of  Units  by  Serial  Number 

3.  Reliability  Studies 

4.  Teat  Equipment  Logistics 
3.  Overhead  Logistics 

6.  Production  Control 

7.  Machine  Load  Forecast  -  Preproduction,  Production  Scheduling 

8.  Autanatlc  Tape  Preparation 

9.  Code  Conversion 

10.  Updating  Test  Tapes 

11.  Debugging  Test  Programs 

12.  Making  oomputatlono  as  required  In  Test  Procedures 
13 •  Assembling  Its  own  prograau 

14.  Assembling  programs  for  ancillary  units 

13.  Performing  tests  where  self  program  modification  Is  required 

Methods  have  been  suggested  In  the  study  reports  that  would  allow 
Integration  of  existing  type  Controller-Programmers  Into  the  system  with¬ 
out  modification  (requires  dual  controllable  benches.  See  Figure  I8). 

Tbe  same  Control  Computer  would  also  be  able  to  cosmunlcate  with  Controller- 
Prograassers  which  were  designed  to  become  a  part  of  a  system  such  as  required 
at  this  depot,  and  which  would  work  Into  single  controlled  benches. 


Speed  has  been  sacrificed  for  power  and  ease  of  operation.  This 
requires : 


1. 

2. 

3. 

4. 

5. 

6. 


Convenient  Code  -  8421  BCD  ) 
Adequate  Word  Size  -  8  digits) 
Versatile  Instruction  Family 
Adequate  Indicators  of  Internal 
Adequate  Control  and  Convenient 
Indexing  Facility  (3  registers) 


See  Figure  19 


Status 

Entry  Mechanism 
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SAMPLE  OF  INPUT  TAPE  TWO  WORDS  ARE  SHOWN 

THE  FIRST  WORD  IS  AN  INSTRUCTION  AND  READS  AS  FOLLOWS^ 

OPERATIONAL  CODE  -F  0  I  2 

ADDRESS  0945 

THE  SECOND  WORD  IS  A  DATA  WORD  AND  CONTAINS  THE 
NUMBER  -1-00037160 

THE  INSTRUCTION  WORD  WITHIN  THE  MACHINE  WILL  APPEAR 
AS  SHOWN  below: 


OP  CODE  INDEX  ADDRESS 


I 


2.3.1 


(contd) 


I 

I 

I 

1 

1 

I 

1 

1 

1 

1 

1 

1 

I 

1. 


I 


I 


7.  Secondary  Memory  Magnetic  Tape 

8.  Drum  V/orklng  Memory  (7500  wojrds) 

9.  ComBion  Routine  Library 

10.  Diagnostic  Programs 

11.  Calibration  Programs 

2.3.2  Conventional  l/o  Devices 

Versatile  input  (l/o)  output  facilities  are  rec^uired  for  efficient 
data  processing.  The  machine  being  described  la  called  "a  Control  Computer 
with  Data  Processing  Capability".  See  Figure  20. 

The  control  function  Is  to  control  automatic  testing  as  required  in 
the  depot.  Data  Processing  Is  required  for  the  many  support  functions  which 
must  be  performed  for  the  automatic  test  facility.  Although  this  system 
serves  a  dual  purpose^  It  Is  anticipated  that  the  two  functions  may  not  neces¬ 
sarily  be  in  demand  simultaneously  very  often.  The  hardward  described  can 
be  used  In  this  fashion  as  required.  However  it  Is  more  efficient  to 
separate  the  two  f\inctlone  m  scheduling  permits. 

A  versatile  and  powerful  Control  Computer  has  been  described.  Speed 
was  de-emphasizod,  the  requirement  being  that  it  be  capable  of  keeping  adieeui 
of  the  items  it  la  to  control.  The  recommended  speeds  of  the  Input/output 
devices  were  in  general  medium.  Input/output  functional  requirements  were 
established  from  equipaients  relatively  common  in  the  field.  It  is  antici¬ 
pated  that  these  input/output  devices  can  he  chosen  from  units  already  in 
production  by  two  or  more  manufacturers. 

A  balanced  input /output  device  family  has  been  strongly  recommended. 

For  instance,  a  basic  8  digit  word  is  used.  The  Input /output  register  will 
han'dle  10  such  words.  This  is  the  capacity  of  one  punched  card  of  80  columns. 
'The  Magnetic  Tape  Unit  also  operates  in  blocks  of  10  words.  The  reoosmiended 
72  column  printer  may  «Llao  be  though  of  as  80  columns.  80  columns  would  be 
more  desirable,  but  72  columns  is  more  standardized.  This  size  printer  will 
print  on  conventional  width  paper.  Larger  (120  column)  printers  may  be 
used,  as  long  as  provision  is  made  for  sending  data  from  the  l/o  Register 
to  selected  groups  of  columns,  and  that  one  line  can  have  two  print  cycles 
under  this  condition.  Processing  Robotester  tapes  poses  a  problem.  The 
computer  can  certainly  handle  these  tapes  if  the  necessary  special  equip¬ 
ment  is  added.  Ttiat  is,  a  12  level  resuler  and  punch.  It  was  shown  how  the 
Robotester  and  other  various  types  of  serial  Controller-Programmers  could  be 
integrated  into  the  proposed  facility.  If  the  depot  chooses  to  do  this, 
this  punch  and  reader  will  be  provided.  Howevter  if  the  depot  chooses  to  de- 
emphasize  the  Robotester  in  favor  of  more  versatile  and  sophisticated  serial 
Controller-Programmers,  this  facility  should  not  be  included. 
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PRINTER 


2.3-2.1  Magnetic  Tape  Device 

At  least  one  Magnetic  Tape  device  Is  required  as  a  secondary 
memory.  Controls  for  two  units  will  be  provided,  howe.er.  Having  two 
units  will  give  the  Computer  system  more  versatility,  but  probably  would 
not  be  required  Initially. 

In  describing  the  magnetic  tape  device,  seme  external  considerations 
should  be  made.  The  first  consideration  is  for  compatibility  with  other  depot 
facilities.  The  tape  width,  channel  spacing,  gaps,  packing  density,  etc. 
would  be  chosen  so  tapes  may  be  Inter-changed  between  the  Test  Facility  Com¬ 
puter  and  other  data  handling  equipment  at  the  depot.  Another  deslreable 
feature  would  be  that  the  magnetic  tape  device  be  the  same  basic  machine  as 
the  punched  paper  tape  reader.  This  is  recomeended  as  a  consideration  to 
decrease  test  equipment  logistics  and  maintenance  problems.  Common  control 
features  could  then  be  shared.  Several  manufacturers  offer  basic  mechanisms 
that  can  be  completed  for  either  paper  or  magnetic  medium. 

2 . 3 • 2 . 2  Photoelectric  Punched  Tape  Reader 

A  500  character  per  second  tape  reader  Is  recommended.  The  device 
must  stop  on  a  stop  character  euid  read  the  next  character  upon  starting. 

The  device  should  be  bi-directional  and  be  capable  of  accepting  tapes  of  5> 

6,  7;  or  8  levels  in  width  without  complicated  modification.  Full  servo 
controlled  reel  drive  is  required.  Reel  sizes  up  10  l/2"  must  be  accommodated 
by  this  reader. 

2. 3*2. 3  Photoelectric  Card  Reader 


This  device  will  read  cards  at  a  rate  of  400  to  600  cards  per  minute . 
Photoelectric  type  reading  Is  advocated  because  of  the  speed,  suid  to  reduce 
mechanical  maintenance.  The  cards  will  be  read  one  column  at  a  time  so  as  to 
keep  the  number  of  reading  and  encoding  circuits  to  a  minimum.  Handling  of 
the  cards  passing  through  the  reader  will  be  such  that  the  card  deck  arrange¬ 
ment  after  passing  through  the  read  station  is  identical  to  the  arrangement 
prior  to  passing  through  the  read  station.  All  signal  and  information  lines 
will  be  routed  via  a  plugboard  to  the  l/O  register  or  control  source. 

2. 3. 2. 4  High  Speed  Printer 

A  500  to  600  line  per  minute  flying  wheel  printer  of  72  columns  is 
required.  There  will  be  64  characters  in  each  column.  The  printer  will 
accept  faui  fold  paper  and  shaill  move  the  paper  via  a  sprocket  mechanism. 
Spacing  control  will  be  determined  by  plug  board  wiring.  A  carriage  control 
tape  is  required.  All  signal  and  information  lines  will  be  routed  via  a 
plugboard  to  the  l/O  Register  or  control  source.  The  printer  shall  be  cap¬ 
able  of  both  free  wheeling  and  fixed  cycle  operation. 


2. 3*2. 5  Tape  Punch 


A  chad  type  tape  punching  device  that  operate!  in  the  speed 
range  of  4o  to  6o  characters  per  second  is  required.  This  device  will 
punch  tapes  of  3,  6,,  7  and  8  levels  without  conpllcated  aodlf Icatlons . 

2. 3. 2. 6  Card  Punch 


A  card  punch  which  pvinches  cards  at  the  rate  of  at  least  100  cards 
per  minute  is  required.  A  read  station  will  be  Included  in  the  devices  to 
be  used  for  verlfloatlon.  All  sigaal  and  infoxmatloa  lines  will  be  routed 
via  a  plvigboard  to  the  l/O  register  or  control  source. 

2.3.2.?  Other  l/O  Devices 

Other  l/o  devices  that  are  considered  to  be  optional  requirements 

are  t 


1.  12  level  tape  punch 

2.  12  level  tape  reader 

3.  Slow  speed  card  reader,  cai^d  punch,  card  duplicator,  card  generator 
(keyboard)  combination  (such  as  the  IBM  526). 

Items  1  and  2  depend  upon  the  policy  adopted  toward  the  Robo- 
tester.  Item  3  is  recosmiended  for  initial  use  (does  not  use  l/O  Register) 
and  for  future  Control  Computer  where  data  handling  is  of  lesser  importance. 

2.3.3  Instruction  Listing  for  Computer 

The  various  instructions  are  listed  or  discussed  by  types  in  this 
section.  Figures  21  and  22  illustrate  various  forms  of  words  that  will 
be  used  by  the  control  computer  with  data  processing  capability. 

2.3«3*1  Shift  Instructions  (Type  0) 


+  Shift  Accumulator  Left  SAL 

-  Shift  Accumulator  Right  SAR 

+  Circulate  Accumulator  Left  CAL 

+  Shift  Lower  Arithmetic  Register  Left  SLL 

-  Shift  Lower  Arithmetic  Register  Right  SLR 

+  Circvilate  Lower  Airthmetic  Register 

Left  CLL 

+  Circulate  Combined  Left  CCL 

-  Pulse  Train  from  Accumulators  FTA 

-  Pulse  Train  from  Lower  Arithmetic 

Register  Pl'L 

-  Pulse  Train  from  Combined  PTL 

+  Normalize  NRM 
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2.;. 3* 2  Arlthnetlc  Inatructlons  (Type  1) 

+  Clear  and  Add  ,  CAD 

-  Clear  and  Subtract  CSB 

+  Add  ADD 

+  Multiply  MPY 

-  Divide  DIV 

Compare  Accumulator  with  Memory  CAM 

Convert  Binary  to  BCD  CBC 

Convert  BCD  to  Binary  CCB 

Convert  Binary  to  Gray  CBG 

Round  Accumulator  RNA 

*  Store  Accumulator  SAC 

Store  Lower  Regieter  SLR 

+  Store  Special  Word  STP 

-  Load  Lower  Regieter  LLR 

+  Halt  HLT 

-  Halt  and  Light  Special  Instruction  HSI 

2 . 3 • 3 • 3  Logical  Inatructione  (Type  2) 

AND  Memory  and  Accumulator  AMA 

OR  Memory  and  Accumulator  OMA 

Invert  INV 

2.3«3*^  Control  InstinActions  (Type  3) 

Unconditional  Transfer  UTR 

Transfer  on  Accumulator  Overflow  TAO 

Tran."-^-’*  on  Lower  Overflow  TLP 

-  Transfer  auid  Decrease  Index  TDO-TD9 

+  Transfer  and  Increase  Index  T10-T19 

Transfer  and  Place  Address  in  Index  TAX 

Compare  Index  with  Address  CXA 

Index  to  Accumulator  XAC 

Load  Index  From  Memory  LXM 

Load  Index  from  Accumulator  LXA 

No  Operation  NOP 

+  DlgitSLl  Input  Bus  to  Accumulator  DIA 

-  Digital  Output  Bus  from  Accumulator  DOA 

Block  Transfer  Memory  to  Loop  BML 

Block  Transfer  Loop  to  Memory  BIM 

+  Trap  Transfer  TRT 

-  Stop  Trapping  STR 

-  Transfer  on  Minus  TRM 

+  Transfer  on  Plus  TRP 

+  Branching  Multivibration  *  BMN 

-  Branching  Multivibrator  Off  *  BMF 

Branching  Multivibrator  Check  *  BMR 

*  Signifies  one  of  10  Branching  Multivibrators 


2 . 3 • 3 • 5  Input/output  Initructlone  (Type  4) 

The  input /output  Instruction  format  will  be  organized  as  follows: 


I.  Input /output  Instructions 


1.  a.  Sign:  +  for  data  coming  in  from  an  l/O 

-  for  data  going  out  to  an  l/o 

b.  Typo:  This  digit  will  be  a  4  to  identify  it  as  an 

l/O  type. 

2.  Group :  This  digit  will  identify  which  group  of  l/O 

devlees  is  being  selected 

a.  l/O  Register  fo) 

b.  Magnetic  Tape  Devices  (1) 

c •  High  Speed  Printing  Devices  (2) 

d.  Card  Devices  (3) 

e.  Paper  Tape  Devices  (4) 

1 .  Manual  Entry  ( 5 ) 


3.  Unit: 


4.  Index  Reference: 


5 •  Thousands ) 

6 .  Hundreds  ) 

7.  Tens  ) 

8.  Units 


This  digit  will  identify  which  device  in  the 
group  is  being  selected. 

Identifies  which  Index  Register  to  use  to 
modify  the  contents  of  the  euldress  portion  of 
the  instruction. 

Identifies  the  address  at  which  the  l/O 
control  word  is  to  be  found 


Transfer  of  information  to  and  frcsn  the  di-um  via  the  l/o  devices 
connected  to  internal  computer  registers  requires  em  Input/Output  instruction 
and  a  control  word.  Transfer  of  information  via  l/o  devices  connected  to  the 
l/O  Register  will  require  am  l/O  instruction  and  a  control  word  to  load  the 
l/o  register  and  another  l/O  Instr’.ction  and  a  control  word  to  transfer  the 
data  to  the  drum  via  the  internal  computer  register  (or  in  the  reverse  order) . 
Notice,  however,  that  if  no  operation  on  the  data  is  required,  that  the 
second  l/o  instruction  and  control  word  could  tramsfer  the  same  data  to 
amother  l/o  device  directly  without  actually  entering  the  working  program 
drum. 


II  Input /output  Control  Word 

The  format  of  the  control  word  will  be  as  follows : 
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2. 3. 3*5  (contd) 


1.  a.  Sign: 


"b.  Type) 


2. 

Group 

) 

3. 

Unit 

) 

4. 

Index 

5 

5. 

Thousands) 

6. 

Hundreds  ) 

7. 

Tens 

) 

8. 

Units 

) 

•f  Indicates  transmission  between  drum 
and  l/O  device  or  l/O  register 

-Indicates  transmission  between  an  l/o 
and  the  l/O  register 


Used  for  control  as  required  by  a  specific 
device.  For  Instance:  Number  of  computer 
chareicters  per  column,  number  of  colunns  to 
transfer  and  parity  description. 


When  control  word  sign  Is  +  those  digits  Identify 
the  memory  location  that  the  first  data  word  Is 
to  be  transmitted  to  or  from.  When  control  word 
Is  these  digits  will  be  used  for  further  In¬ 

formation  to  control  the  l/O  register  and  the 
l/O  device. 


Other  Input/Output  Requirements 


For  control  requirements  not  covered  In  this  control  word,  l/o  In¬ 
structions  will  be  used.  It  Is  not  anticipated  that  the  units  digit  will 
be  required  In  most  cases.  For  Instance,  +  430  would  select  the  card 
reader  and  -  430  would  select  the  card  punch.  Also,  the  highest  four 
numbers  of  the  group  digit  will  not  be  In  use.  These  operational  codes, 
as  well  as  the  address  poirtlon,  can  be  used  for  l/o  control  and  status 
Inquiries . 


No  further  definition  of  these  Instructions  will  be  made.  Controls 
required  for  a  specific  device,  when  defined,  can  be  Integrated  with  the 
other  design  of  the  Control  Computer.  It  Is  anticipated  that  some  of  these 
Instructions  will  be  of  the  "hold”,  type,  and  others  of  the  "Jump"  type, 
to  name  two  examples. 


2. 3. 3.6  Extemail  Switching  and  Extemad  Addressing 


end  6) 


Instructions  and  control  words  will  be  used  In  much  the  same  manner  for 
these  types  of  Instructions  as  for  the  Input /Output  type. 


This  will  enable  certain  groups  of  Instructions  to  reference  a  control 
word;  other  groups  will  not  reference  a  control  word.  An  Instruction  to 
select  a  teat  point  switch  position,  for  example,  would  require  only  the 
Instruction.  Notice  that  the  Indexing  feature  will  allow  a  whole  series  of 
points  to  be  scanned  with  only  a  very  few  Instructions  In  a  sequence;  the  same 
sequence  being  used  repeatedly  (loop) . 
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2. 3* 3* 6  (contd) 


The  groups  that  refer  to  control  words  will  be  Indexable  again  so 
that  the  same  sequence  of  Instructions  can  be  repeated  for  various  tests. 
An  example  of  the  use  of  the  control  word  in  this  case  is  to  contain  the 
programming  data  required  for  setti;ng  up  the  dynamic  range,  function, 
start  source,  stop  source,  start  source  slope,  stop  source  slope,  and 
decimal  point  and  multiplier  for  a  digitizing  component  such  as  a 
Frequency  Counter-Time  Interval -Pulse  Width  Analog  to  Digital  Converter. 

The  external  sense  switches  (means  by  which  the  operator  may  coomtuni- 
cate  with  the  program)  will  be  selected  by  a  number  in  the  address.  These 
will  be  "Jump"  type  Instructions. 

2.3.4  Reverse  Control  Lines 


Reverse  Control  Lines  will  be  provided  to  enable  two  way  control. 
Instead  of  the  program  sequence,  certain  programmed  Inquiries  etc.  dstexmln- 
Ing  what  happens,  this  allowance  for  other  more  random  control  will  be  pro¬ 
vided.  It  provides  a  means  of  obtaining  coeqnitsr  services  upon  demand  from 
an  external  source.  As  an  example  of  the  manner  in  which  such  a  feature 
would  be  utilized,  consider  the  test  system  shown  where  the  Control  Coaiputer 
is  tied  to  each  teat  bench.  The  same  approach  would  also  bo  used  if  the 
Control  Computer  were  linked  directly  to  the  serial  Programmer-Controllers. 

At  some  point  it  is  desired  to  utilize  the  computer  capabilities  (Ex.  a 
NO-GO  resvilt  on  a  certain  test  -  further  testing  cannot  be  done  until  a 
computation  is  performed) .  A  signal  would  be  sent  on  a  Reverse  Control 
line  to  the  Control  Coaiputer  Plugboard. 

2. 3*4.1  Single  Purpose  Reverse  Control  Line 

This  would  be  routed  by  the  plugboard  in  such  a  manner  that  an 
instruction  would  be  generated  during  the  instruct  cycle  (artifical  TAX- 
Transfer  and  Place  Address  in  Index) .  The  normal  drum  cycle  would  be  in¬ 
hibited.  It  would  store  the  present  location  in  an  unused  index  register, 
and  transfer  to  another  part  of  the  stored  programs  specified  by  the  plixg- 
board  to  execute  the  instructions  found  there.  This  may  be  a  simple  routine 
or  may  call  for  a  special  routine  from  magnetic  tape  to  be  executed.  One 
of  the  first  instructions  in  the  routine  would  inhibit  further  reverse 
entries.  One  of  the  last  instructions  would  release  this  inhibit.  Without 
the  inhibit  feature,  the  machine  could  conceivably  get  "lost"  in  these 
demand  routines  if  other  Reverse  Control  signals  were  given  before  the  first 
was  completed.  At  the  end  of  the  denuud  routine,  program  control  would  con¬ 
tinue  from  the  address  that  was  stored  in  the  Index  Register  in  the  beginning. 
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2. 3. 4.1 


(contd) 
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Input  gating  provi«lon8  will  be  made  so  that  reverse  control 
can  he  from  more  than  one  source.  Eswjh  gate  will  occur  at  a  different 
time  in  a  sequence.  This  allows  only  one  at  a  time  to  he  gated  in^ 
and  sets  up  a  priority  if  more  than  one  signal  arises  simultaneously. 

2. 3.4.2  Multi-Purpose  Reverse  Control  Lines 

If  a  Reverse  Control  Signal  from  any  one  source  may  demand  dif¬ 
ferent  routines,  the  exact  routine  address  to  to  would  he  specified  at 
the  source  and  made  available  on  the  Digital  Input  Lines.  The  contents  of 
these  lines  wotild  he  gated  into  the  accumulator  and  thus  become  available  to 
the  Computer.  A  Reverse  Control  line  for  each  possible  routine  from  each 
source  would  be  impractical. 

2.4  Autosatic  Tape  Program  Preparation 
2.4.1  Siassary 

A  method  of  autosiatic  tape  program  preparation  for  resistance, 
continuity  and  voltage  tests  is  described.  This  method  can  be  applied 
to  a  Programmer  Controller  \init  of  the  type  specified  in  this  report  by 
including  tape  punch  and  limit  computation  capabilities.  This  method 
can  also  be  used  directly  by  the  Programmer  Computer  described.  The 
owthod  of  automatic  tape  program  preparation  outlined  starts  with  pre¬ 
programmed  tapes  in  which  test  numbers  and  corresponding  test  point  num¬ 
bers  are  consecutively  assigned.  Type  measurement  is  also  pre-programmed. 
Either  an  automatic  ranging  analog  to  digital  voltmeter  can  be  used  or  a 
ranging  sub  program  included  in  the  tape  which  automatically  ranges  down 
until  a  three  digit  reading  occurs.  Measured  value  is  used  for  cosiputing 
one  or  more  sets  of  limits  based  on  component  tolerance  euid  test  ex¬ 
perience.  Test  number,  switching  cosimands,  type  measurement,  range  and 
limits  are  then  pvmched  into  the  final  tape.  The  method  is  based  on 
measurements  taken  from  a  completely  operating  unit  supplemented  by 
technical  manual  data. 

This  study  has  led  to  the  concept  of  pre-programmed  tapes  for 
existing  Programmer  Controllers  as  a  means  of  significantly  decreasing 
programming  labor.  In  pre -programming,  type  measurements  as  resistance, 

D.C.  voltage,  A.C.  voltage  are  pre-assigned  to  blocks  of  test  numbers. 

The  majority  of  test  point  assignments  can  also  be  pre-programmed  and 
assigned  to  these  test  numbers. 

The  programmer  must  then  add  onl^-  limits,  ranges  and  power 
supply  stimulus  programming  to  these  existing  formats.  Adapter  cable 
wiring  can  be  based  on  the  test  point  type  measurement  assignments. 


L 
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2.4.2 


General 


Automatic  tape  program  preparation  is  a  posaitle  programming 
technique  whereby  test  data  such  ae  limit  information  is  derived,  from 
measurements  made  on  a  vinit  known  to  be  in  an  aoceptible  operating 
condition.  Checkout  of  the  model  unit  may  be  done  using  wurmAi  test 
methods.  In  a  sense  this  is  a  comparison  technique  whereby  data  from  a 
working  model  is  extracted  to  calculate  limit  information  or  used 
directly  for  a  caaqMLrison  of  ncwlnal  masured  values  of  the  model  against 
those  obtained  from  a  unit  whose  operational  status  is  being  determined. 

It  has  already  been  proven  that  ATP  is  feasible,  if  only  to  a 
limited  extent.  Brooks  Research  Incorporated,  Rochester,  New  York  has  de¬ 
veloped  a  unit  called  "SPACE  MARK  I"  and  described  it  in  the  November  1959 
issue  of  Electrical  Manufacturing  published  by  Conover-Mast  Technical 
Publications  Corporation. 

The  system,  presently  in  use,  contains  self  programming  and  a 
leakage  and  continuity  tester.  The  system  has  two  modes  of  operation,  the 
Analysis  mode,  aid. the  verification  mode.  Its  use  is  primarily  in  production 
line  testing  of  wiring  harnesses  and  cables.  In  the  analysis  mode  the  system 
generates  a  tape  program  containing  the  coordinates  of  the  points  which  give 
continuity  from  a  harness  or  cable  known  to  be  good.  The  tape  program  can 
then  be  used  to  test  subsequent  harnesses  in  the  Verification  mode  by  com¬ 
paring  the  expected  results  against  the  measured  results. 

The  methods  used  in  this  system  are  somewhat  simplified  and  are 
applied  to  specific  conditions.  The  measurement  value  can  be  one  of  three 
values : 

1.  Equal  to  or  greater  than  leakage  limit 
2  Equal  to  or  less  than  continuity  limit 

3.  Less  than  leakage  limit  but  greater  than  the  continuity  limit 

The  first  two  vaJLues  are  specific  requirements  of  the  test  conditions, 
l.e.,  the  circuit  tested  must  be  continuous  or  discontinuous.  The  third  value 
is  an  erroneous  condition  which  would  have  to  be  checked  and  corrected. 

This  particular  application  of  automatic  tape  preparation,  while 
demonstrating  the  simplest  t^qpe  of  automatic  program  preparation,  does 
point  out  possibilities  in  the  method.  In  this  case  limit  determination  is 
greatly  simplified  and  requires  no  calculation.  A  value  of  a  few  ohms  is 
selected  as  a  continuity  limit  and  some  high  resistance  value  is  arbitrarily 
used  throughout  as  a  leakage  limit.  The  test  criterion  is  whether  a  measure¬ 
ment  on  a  unit  test  equals,  is  less  than  or  greater  then  these  limits.  The 
method  demonstrates  a  technique  for  automatic  assignment  of  Brogrammer  Control¬ 
ler  test  points  and  corresponding  test  numbers  and  automatic  tape  punching. 
Despite  the  test  program  simplicity,  it  can  be  very  lengthy  for  a  complex 
wiring  maze  and  this  is  a  means  of  reducing  the  manual  programming  labor  for 
a  tedious  checkout  task.  An  objective  of  this  study  was  to  determine  feasi¬ 
bility  of  extending  this  technique  to  resistance,  voltage  and  other  tests  of 
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2.4.2  (contd) 


a  typical  depot  inventory  black  box  or  module .  It  should  be  emphasized 
that  a  prime  value  of  ATE  in  depot  operation  for  component  isolation  will 
be  its  ability  to  rapidly  and  accurately  conduct  a  large  number  of  relatively 
simple  tests.  It  is  estimated  that  resistance  euid  continuity  tests  will 
account  for  30^  to  of  module  tests  and  static  voltage  tests  will 
account  for  another  to  351^  •  Any  reasonable  means  of  simplifying  test 
program  preparation  for  these  tests  will  save  a  considerable  amount  of 
programming  time  and  definitely  reduce  the  possibility  of  progrsmmlng 
errors,  with  further  savings  in  program  debugging  time. 

2.4.3  Programmer  Controller  Requirements 

To  prepare  test  programs  autciaatically  for  resistance,  continuity 
and  static  voltage  tests,  the  following  functions  would  be  required  of  a  ^o- 
grammer  Controller  such  as  the  AN/GJQ-9: 

a.  Tape  punch  capability 

b.  Limit  computation 

c.  Logic  modifications 

Figure  23  is  a  block  diagram  of  a  typical  Programmer  Controller 
system  modified  for  automatic  tape  programming.  The  system  shown  incorporates 
loads,  stimulus  switching,  and  power  supplies  for  automatic  preparation  of 
voltage  test  programs  as  well  as  resistance. 

In  addition  to  determining  the  types  of  tests  which  may  readily 
and  practically  lend  themselves  to  automatic  programming  and  determining 
what  equipment  or  Programmer  Controller  operations  are  needed,  am  optimum 
set  of  operational  procedures  should  be  established.  One  of  these  pro¬ 
cedures  is  the  method  of  test  point  selection.  This  procedure  will  affect: 

a.  Quantity  of  test  points  or  the  test  point  scanner  capacity  needed. 

b.  Number  of  irrelevent,  meaningless  or  redundant  tests  made. 

c .  Amount  of  black  box  or  module  analysis  that  must  be  performed 

d.  Configuration  amd  wiring  of  adapter  cables 

2.4.4  Test  Point  Selection 

There  are  several  schemes  for  connecting  or  scanning  test  points : 

a.  Use  all  test  point  connections  possible  on  the  unit  under  test  amd 
make  measurements  for  all  the  possible  combinations  of  two  lines. 

b.  Take  all  signal  inputs,  outputs,  accessible  circuit  nodal  points  amd 
supply  voltage  connections  as  separate  groups  of  test  point  connections . 
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2.U.4  (contd) 


c.  Take  known  Inputs,  outputs,  accessible  circuit  points  and  supply 
lines  and  make  only  those  measurements  needed. 

Ot  these  schemes  the  first  requires  the  least  amount  of  operator 
action,  while  the  last  requires  the  most.  However,  the  first  scheme  makes 
an  exeessive  number  of  tests,  with  considerable  redundancy,  and  ambiguity. 
The  second  sohesie  uses  considerably  less  tests  and  the  third  makes  only 
valid  measurements.  The  third  also  requires  the  least  amount  of  switching 
since  redundant  or  unnecessary  test  points  are  eliminated.  An  Important 
consideration  in  automatic  tape  programming  is  to  eliminate  erroneous  or 
irrelevant  measurements.  For  example,  it  is  erroneous  to  make  a  measurement 
to  ground  of  one  side  of  a  floating  potential  pair,  except  for  an  insulation 
resistance  test.  Either  the  voltage  across  the  floating  pair  should  be 
measured  or  two  measurements  to  ground  maule,  provided  there  is  a  path  via 
another  circuit  to  ground. 

Although  the  last  scheme  requires  the  most  operator  action  it  is 
felt  that  this  is  warranted  since  the  time  spent  in  initially  setting  up 
the  equipment  for  test  would  be  more  than  Justified  by  comparison  to  the 
test  time  spent  checking  out  other  systems  and  because  of  minimum  require¬ 
ments  for  test  point  relays  or  scanner  capacity.  It  is  recommended  then 
that  the  circuit  of  the  prospective  unit  under  test  be  examined  to  locate 
all  useable  test  points,  preferably  those  accessible  by  connector,  test 
point  or  tube  socket  adapter.  A  minimum  number  of  key  points  which  will  re¬ 
quire  clip  leads  can  also  be  identified.  With  each  test  point  a  common 
point  should  be  identified.  As  few  common  points  as  possible  shoxxld  be 
used.  Other  decisions  can  be  made  such  as  the  need  for  isolation  resistors 
(to  tube  grid  circuits  or  other  high  impedance  points)  between  the  unit 
under  test  circuit  and  the  Programmer  Controller. 

An  arbitrary  wiring  list  for  a  cable  from  the  unit  under  test  to 
the  P/c  can  then  be  made.  The  only  precaution  is  to  route  common  points  to 
a  group  of  switching  separate  frcan  the  test  points  which  will  ultimately  be 
switched  to  the  digital  voltmeter-ohmmeter  common  in  the  p/c . 

2.4.5  Programming  Methods 

A  second  procedure  which  will  affect  the  Programmer  Controller 
equipment  and  operational  capabilities  required  is  the  method  of  program¬ 
ming  the  Programmer  Controller.  It  is  recommended  that  a  special  tape 
program  be  used  for  automatic  programming.  This  tape  program  will  utilize 
a  series  of  test  numbers,  for  example,  1  through  100  and  the  corresponding 
test  point  relay  numbers  1  through  100  for  resistance  tests.  A  second 
group  of  test  point  relays  is  needed  for  the  measurement  ccooion. 
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Ideally  only  a  single  conmon  would  be  used  against  which  all 
resistance  aeasurenents  are  suide,  such  as  unit  under  test  chassis 
ground  or  signal  ground.  Probably  additional  coaaons  will  be  needed 
for  resistance  and  continuity  aeasureaents  froa  circuit  cosiponents  to 
power  supply  busses. 

The  program  tape  will  contain  no  limit  information,  this  must 
be  derived  from  the  unit  under  test.  Likewise,  resistance  ranges  are  not 
yet  known.  In  this  application,  an  autosMitic  ranging  resistance  and  vol- 
taige  analog  to  digital  converter  would  bo  highly  desirable .  If  this  is 
not  available,  two  ranging  technlciues  are  possible.  One  is  to  include  a 
subroutine  which  first  commands  measurement  on  the  lowest  range.  If  an 
overload  or  overrange  condition  is  detected  by  the  A  to  D  converter,  it  is 
commanded  to  switch  up  one  range  at  a  time  until  a  no  overrange  measurement 
is  made.  A  preferred  subroutine  will  start  with  the  highest  range  and  pro¬ 
ceed  to  the  next  lowest  range  if  all  significant  digits  for  the  range  are 
not  present.  For  example  a  3  digit  A  to  D  converter  will  command  downward 
range  changes  until  a  3  digit  reading  is  made . 

The  teat  number,  test  point  numbers,  function  and  range  information 
can  be  transferred  unchanged  to  the  output  tape.  Storage  for  this  infor¬ 
mation  usually  exists  in  present  Programmer-Controllers.  Gating  and  timing 
circuitry  must  be  added,  however,  to  permit  readout  of  this  information 
to  the  tape  punch  at  the  proper  time. 

The  preliminary  or  accessory  tape  used  for  automatic  tape  prepa¬ 
ration  will  include : 

a.  Test  Niimber 

b .  Type  Measurement 

c.  Test  Point -Signal  Line 

d.  Test  Point -Common  Line 

Either  automatic  ranging  or  a  subroutine  of  ranging  commands 
until  a  usable  measurement  reading  is  sMde  will  also  be  needed.  The  test 
data  not  yet  determined  are  limits. 

2.4.6  Determination  of  Limits 


An  existing  IVogrammer  Controller,  with  modifications  previously 
described  can  make  measurements  of  unknown  resistances  on  voltages  in  the 
model  unit  under  test  as  a  basis  for  establishing  limits.  In  the  case  of 
resistance  measurements,  if  limits  are  determined  as  percentaiges  of 
measured  values,  an  error  is  Introduced  as  these  measured  values  are 
somewhere  in  the  range  of  +  5^  of  center  design  values,  assuming  that  all 
resistors  are  5^  tolerance  components.  A  method  of  overcoming  this 
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difficulty  is  that  the  automatic  tape  programming  equipment  include  a 
memory  of  standard  RTMA.  realatance  values  and  a  comparison  circuit.  As 
a  resistance  is  measured  in  the  unit  under  test,  its  value  is  compared  to 
these  standard  values.  High  an^  low  limits  are  then  calculated  on  the 
hasis  of  the  standard  RTMA  value  closest  to  the  measured  resistance  value. 
This  procedure  ceuld  not  be  applied  to  measurement  of  resistauices  in 
parallel  or  series.  In  this  case  the  actual  measured  vsdua  could  be  used, 
which  may  be  in  error  by  as  much  as  5^  or  reference  made  to  technical 
wamiai  schematics  for  actual  combination  value  calculation.  If  the 
component  whcue  rasistaaoa  is  measured  is  a  coil  or  inductance  or  a  semi¬ 
conductor  diode,  actual  measured  values  can  be  used  as  limits  are  some¬ 
what  broad  in  this  case. 

Whether  a  measured  value,  derived  RTMA  value  from  a  measured 
value  or  Technical  Manual  value  is  used,  the  problem  of  setting  limits 
remains.  In  using  ATE  it  is  recommended  that  limits  be  based  on  deviation 
from  component  center  design  value  or  nominal  value,  whether  or  not  the 
circuit  continues  to  perform.  A  51^  tolerance  component  may  drift  to  15^ 
or  20f)  of  design  value  without  circuit  failure,  however,  the  Inherent  de¬ 
sign  margin  for  that  circuit  has  been  reduced  even  if  the  circuit  still 
operates.  The  circuit  may  not  then  be  able  to  tolerate  even  a  5^  change 
in  some  other  component  value.  Alternately,  an  out  of  tolerance  condition 
may  indicate  a  trend  to  failure. 

Unless  component  behavior  characteristics  are  known  from  life 
tests  or  previous  study  data  or  unless  circuit  operation  is  affected,  it  is 
recommended  that  limits  be  arbitrarily  set  at  1.5  to  2  times -the  tolerance. 
A  5^  resistor  would  then  have  limits  +  7  l/2^  "to  +  10^  of  center  value.  A 
1^  resistor  would  have  limits  of  +  2^”of  center  value.  To  establish 
tighter  limits  than  these  may  result  in  unnecessary  removsil  of  good  com¬ 
ponents,  to  establish  broader  limits  may  Invite  circuit  failure  due  to 
reduced  design  margins  for  the  circuits.  It  is  further  recommended  that 
the  depot  initially  test  to  two  or  possibly  three  sets  of  limits  in  the 
trial  implementation.  Although  present  studies  by  ARINC  on  programming 
the  AN/ARC-27  include  resistance  limit  variation,  these  should  be  ex¬ 
tended  to  include  equipments  made  by  several  manufacturers  to  reflect  a 
great  variety  of  circuit  designs  and  electrical  circuit  design  practice 
variations  between  manufacturers. 

2.4.7  Use  of  Pre-Programmed  Tapes 

A  study  of  automatic  tape  program  preparation  has  led  to  the 
concept  of  pre-programmed  tapes  for  manual  tape  program  preparation.  As 
a  valuable  aid  in  reducing  the  time  and  effort  of  tape  program  preparation 
and  verification,  it  is  suggested  that  master  tapes  can  be  prepared  for  a 
given  Programmer  Controller  >riilch  will  preassign  blocks  of  test  numbers  and 
associated  test  points  for  resistance  and  voltage  tests.  The  test  program 
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preparation  personnel  will  be  aware  of  these  assignments  when  specifying 
adapter  cable  wiring.  For  Instaince^  a  block  of  test  numbers  as  test  1 
through  99  can  be  assigned  to  resistance,  100  to  199  to  D.C.  voltage  tests, 
and  200  to  299  foi*  A.C.  voltage  tests.  Test  numbers,  test  point  group 
and  relays,  coomon  point  group  and  type  measurement  (resistance)  can  be  pre¬ 
programmed.  By  limiting  arbitrariness  In  test  point  assignment  which  serves 
no  useful  purpose  in  the  majority  of  tests,  a  substantial  part  of  the  pro¬ 
gramming  effort  can  be  reduced.  These  master  tapes  would  then  be  used  In  a 
manu^  tape  preparation  unit  for  addition  of  range,  limit,  and  test  point 
common  relay  assignments.  Likewise,  a  groun  of  test  numbers  can  be  pre- 
asslgned  for  voltage  testa.  Further  depot  experience  will  produce  typical 
numbers  of  various  types  of  tests  required.  For  various  dynamic  tests,  no 
preprogramming  Is  presently  recommended  due  to  variety  of  stimulus  pro¬ 
gramming,  measurements,  and  switching  of  connections  possible. 
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2.5  Expansion  of  Economic  Factora  Resulting  from  ATE  Usage 
2.5*1  Summary 

To  arrive  at  quantitative  results,  costs  must  be  derived  for 
manual  and  ATE  methods  on  a  unit  basis.  Repair  costs  for  ATE  were 
computed  from  the  first  study  on  ATE.  Manual  costs  of  repair  were  taken 
from  available  cost  figures  at  the  Dayton  Air  Force  Depot.  All  data 
was  taken  from  the  15  representative  airborne  electronic  equipments  used 
In  the  first  ATE  study.  Transportation  costs,  handling  costs,  time  In 
the  repair  cycle  and  average  life  of  electronic  equipments  were  supplied 
by  the  personnel  of  MDNE  at  Dayton  Air  Force  Depot. 

All  data  la  presented  In  the  Appendix  of  this  report  and  a 
summarizing  result  of  the  data  Is .presented  In  this  section  In  Figure  24. 

The  yearly  savings  of  a. manual  repair  depot  which  has  changed 
over  to  ATE  are  outlined  in  Figure  25  for  Increases  In  ttTBF's  of  lOjt,  15^t 
205t  and  251t.  The  work  load  of  the  ATE  depot  Is  that  outlined  in  the  first 
ATE  study  of  6,240  black  boxes  and  5,592  modules  per  year.  Figure  26 
shows  a  linear  Increase  In  savings  with  eui  Increase  In  MTBF.  When  the 
final  results  of  the  ARINC  Research  Corporation  Report  on  reliability  are 
available,  the  correct  ATE  savings  due  to  Increased  reliability  can 
readily  be  determined. 

After  the  operation  of  an  ATE  Depot  Is  Inaugurated,  It  cannot  be 
assumed  that  the  full  benefit  of  increased  reliability  Is  available  the 
first  year.  Instead.,  the  fall-off  of  Depot  workload  will  decrease  slowly 
as  the  more  reliable  equipments  are  placed  Into  operation.  It  Is  assumed 
that  full  benefit  of  ATE  will  not  be  experienced  until  after  2  to  4  years 
of  operation. 

Curve  II,  III  and  IV  show  the  r^ults  of  this  section  added  to 
Curve  I.  Each  curve  shows  the  accumulating  savings  resulting  from  ATE 
operation  with  different  increases  in  reliability  resulting  from  ATE. 

Curve  II,  III  and  IV  represent  an  increase  in  MTBF  of  tested  electronic 
equipment  of  10^,  15^  and  20^  respectively.  When  a  reliable  result  for 
increase  of  MTBF  is  available,  the  accumulated  savings  of  ATE  can  be  ex¬ 
trapolated  on  the  graph  of  Figure .  26 . 

Since  the  rate  of  savings  due  to  the  increase  in  reliability 
will  not  immediately  follow  the  advent  of  ATE  installation,  the  lower 
portions  of  Curves  II,  III  and  IV  are  estimated  to  show  a  gradually  in- 
creMing  rate  of  savings  for  about  four  years.  After  four  years  the 
savings  rate  is  assumed  to  be  constant. 

Another  benefit  of  ATE  will  be  the  rapid  recording  and  processing 
of  failure  data  on  electronic  components.  This  should  initiate  quick  action 
to  remedy  or  replace  unreliable  parts.  The  effects  of  this  procedure  cannot 
be  tabulated  as  an  ATE  savings  at  this  time,  however,  it  can  be  inferred  that 
a  beneficial  change  will  result  in  the  reliability  of  the  electronic  equip¬ 
ments  serviced. 
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24  Malnttnuoe  Costs 


Total  Ropalr  Cycle  Costs  per  Unit  (ATE) 

Black  Box . $  274.98 

Module . 146.78 

Total  Tim  In  Repair  Cycle  per  Unit 

Black  Box .  1,377.20  hours 

Nodule .  995-27  hours 

Average  Cost  of  30  Black  Boxes . $  9,608.966 

Average  Cost  of  247  Nodules . $  977-802 

Average  Life  of  Black  Box  and  Mod\ile .  7  >29  years 

Nsnual  Repair  Costs  per  Ihxlt 

Black  Box . $  96.220 

Module . 39.937 

ATE  Repair  Costs  per  Unit 

Black  Box . $  74.263 

Module .  19.187 

ATE  Repair  Costs  per  Unit  Minus  Parts  and  Peurts  Replacement 

Black  Box . 66.^03 

Modvde .  13.980 
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rifc_  23  Results  of  ATE  Increasa  in  Reliability 


%  InortMe  In  MTBF 

lol 

0.0909 

0.1304 

0.1667 

0.200 

ATE  Savings  #1  &  #2  (Black  Box) 

$185>288.69 

$277,933.03 

$370,577.38 

$  463.221.72 

ATE  Savings  #1  &  #2  (Module) 

99,713.87 

149,570.78 

199,427.71 

249,284.64 

ATE  Savings  #3  (Black  Box) 

129,219.59 

193,829.39 

258,439.18 

323,048.98 

ATE  Savings  #3  (Module) 

9,064.08 

13,596.12 

18,128.16 

22,660.20 

Total  ATE  Savings  for  1  year  - 

$634,929.32 
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General 


The  final  Engineering  Report  of  the  Automatic  Test  Equipswnt 
Study,  AF33(6o4) -28541,  indicated  that  additional  saving  of  the  ATE 
system  over  a  manual  system  vere  possihle  through  an  increase  In  relia- 
hllity  of  ATE-tested  equlpaents.  The  report  further  stated  the  difficulty 
of  ascertaining  this  economical  advantage  at  the  time  of  the  report 
writing.  This  section  will  he  devoted  to  estahlishing  the  quantity  of 
economical  benefit  resulting  from  the  Increased  rellahillty  of  electronic 
equipment  tested  hy  ATE  methods.  This  section  will  be  general  in  form 
with  specific  results  in  the  summary. 

The  criteria  of  reliability  used  here  will  be  the  Mean  Time 
Between  Failure  (MTBF)  figure  of  operational  electronic  equipawnts.  It  is 
statistically  determined  and  the  basis  of  this  report  will  be  to  average 
results  along  with  the  statistical  property  of  MIBP. 

The  basis  for  an  increased  reliability  in  equipment  maintained  by 
ATE  methods  is  a  study  being  conducted  by  the  ARINC  Research  Corporation. 
Results  of  this  study  are  cuiaulatlve  and  a  final  figure  of  increased  MTBF 
will  not  be  available  for  some  time.  The  results  of  this  section  will  be 
tabulated  for  lO^t,  15^,  20^  and  25')^  increase  in  MTBF. 

2.5.3  The  Effects  of  ATE  on  the  Maintenance  Cycle 


If  for  any  reason,,  a  number  of  electronic  equipments  begin  to  give 
longer  service  than  was  previously  possible,  the  maintenance  facility  repair¬ 
ing  the  equipments  will  experience  a  decreasing  workload.  A  closer  look  will 
show  other  advantages  in  the  repair  cycle  and  in  the  use  of  the  equipment.  It 
must  be  assumed  that  the  electronic  units  are  used  continuously  or  are  avail¬ 
able  for  continuous  use.  Also,  all  faulty  units  are  repaired  as  rapidly  as 
possible  and  pressed  back  into  service  as  required.  With  these  assumptions 
in  mind,  increased  reliability  from  ATE  will  have  the  following  advantageous 
effects  upon  the  repair  cycle: 

1.  Transportation  and  handling  expense  and  all  expense  in  locating  a  faulty 
component  are  saved  for  a  more  reliable  electronic  unit. 

2.  The  depreciation  cost  of  the  electronic  unit  while  in  the  maintenance 
cycle  will  be  retained. 

3.  The  capacity  of  the  maintenance  facility  will  Increase  with  respect  to 
the  total  maintenance  workload. 

4.  Inventories  can  be  decreased. 

5.  The  ease  in  recording  euid  storing  failure  data,  while  using  ATE  equipment, 
may  point  out  defects  in  components  \diich  lead  to  higher  reliability  figure 

Of  these  five  points,  the  first  three  are  considered  in  the  following 
analysis.  The  fourth  point  concerns  ei.uipment  inventories  which  may  be  bona 
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fide  inventories  or  "forced”  Inventories.  The  "forced"  inventories  are 
accumulations  of  eq,uipawnts  due  to  the  unpredictability  of  delay  in 
maintenance  operations  and  the  unequal  time  betveen  these  operations  in 
the  maintenance  cycle.  These  costs  are  included  in  point  1.  The  bona 
fide  inventories  are,  in  main,  the  inventory  on  the  flight  line.  The 
cost  of  actual  storage  in  this  inventory  is  relatively  small  and  will  be 
ignored  for  convenience.  The  last  point,  involving  data  accumulation, 
cannot  be  ascertained  until  an  ATE  facility  is  in  operation  for  a  period 
of  time.  Therefore,  this  point  is  not  included  in  the  analysis. 

The  repair  cycle  itself  is  composed  of  a  number  of  operations 
upon  an  electronic  unit  to  repair  the  unit  Euad  place  it  back  into  service. 
These  operations  Include  shipping,  handling,  locating  faulty  ccmixanents, 
etc . ,  and  are  Illustrated  in  block  form  in  Figure  27  •  If  am  electronic  equip¬ 
ment  fails,  it  is  removed  from  the  aircraft  and  checked  over  in  the  Arma¬ 
ments  and  Electronic  Shop.  If  the  A&E  Shop  considers  the  unit  unrepairable 
by  them,  the  \inlt  will  continue  on  the  repair  cycle  to  the  Maintenance  Depot. 

To  compute  the  costs  involved  in  repairing  all  15  electronic  equip¬ 
ments,  and  their  modules,  which  were  considered  in  the  first  ATE  Study  AP- 
33(6<A')-285*+1,  is  a  task  which  would  absorb  the  resources  of  this  contract. 
Therefore,  a  number  of  assumptions  were  made  which  have  a  tendency  to  bring 
all  equipiBents  under  either  of  two  headings.  The  two  headings  aim  an 
average  Black  Box  and  an  average  Module.  Costs  aure  figured  on  this  basis 
for  simplifications.  Clerical  and  paper  work  costs  are  lumped  and  estimated 
in  one  unit.  The  simplifying  assumptions  au:«  enumerated  as  follows: 
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Assumptions: 

1.  ABINC  Research  Corporation  reliability  study  Is  being  perfoxaed  on  the 
ah/arc -27  •  It  Is  assuned  that  any  Increase  In  reliability  on  the  AN/ARC- 
27  resulting  frost  ATE  aethods  Is  equally  applicable  to  other  airborne 
Electronic  Equlpsients. 

2.  Averaging  of  the  transportation  and  handling  costs  of  electronic  units 
was  accostpllshed  by  considering  the  RT  220/ARH-21  as  an  average  Black  Box 
and  the  AM -1579/ARC -58  as  an  average  module. 

3.  Ko  cost  figures  are  available  for  an  ATE  facility.  Repair  costs  were  taken 
from  the  ATE  cost  estimates  on  the  first  study.  (Automatic  Test  Equipment 
Study  for  Dayton  Air  Force  Depot  Contract  AF-33(6o4)285kl) . 

U.  The  cost  of  replacement  parts  and  the  actual  InstsiLlatlon  costs  of  replace¬ 
ment  'parts  are  not  considered  as  a  savings  of  ATE  over  a  manual  shop. 

3.  MTBF  figures  available  on  the  AN/ARC-27  are  for  oparatlng  time  of  the  AH/ARC- 
27.  The  MTBF  figures  of  this  study  are  on  a  calendar  time  basis.  The 
relationship  for  the  two  Is  as  follows : 

(MrBF)g  =  Calendar  time  (MraF)o 
Average  operating  time 

-  where  - 

(iCrBF)^  B  Calendar  time  reliability  figure 

(MrBF)o  -  Operating  time  reliability  figure 

6.  All  electronic  test  equipment,  ATE  and  manual  equipment,  were  ecneidered 

to  depreciate  over  ten  years.  Development  costs  of  ATE  also  were  depreciated 
over  ten  yeeors. 

7.  Overhead  costs  are  considered  at  lOOjl  of  labor  costs. 

8.  ATE  shop  cap>aclty  Is  taken  from  the  first  ATE  Study  at  6,2k0  black  boxes  per 
year  and  5,39^  nodules  p>er  year. 

9.  Equipment  failures  which  are  repaired  on  the  flight  line  are  not  considered 
In  this  analysis. 

10.  The  value  of  a  Black  Box  was  averaged  over  30  electronic  units.  The  cost  of 
an  f  verage  module  was  averaged  over  247  aodules. 
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2.5.4  General  Analysis 


For  a  general  emalysls,  ve  will  consider  a  large  number  of  electronic 
equipments  consisting  of  average  Black  Boxes  and  average  Modules.  These  equip¬ 
ments  are  serviced  by  a  number  of  maintenance  depots  whose  expense  in  servicing 
amy  one  unit  is  the  same .  The  number  of  failures  of  the  electronic  equipients 
is  at  a  constant  rate  so  that  the  capacity  of  each  depot  is  fixed.  Now  if  ATE 
procedures  emd  equlpoient  are  Introduced  at  one  of  the  depots,  a  breed  of  elec¬ 
tronic  equlpsMnts  with  higher  reliability  will  be  introduced  into  the  number  of 
operational  units.  The  workload  of  the  ATE  depot  will  fall  off  if  it  is  eussumed 
this  depot  derives  all  the  benefit  from  the  increased  reliability.  The  ATE  depot 
will  have  a  certain  percentage  of  its  capacity  idle,  denoted  by  ^  ,  which  will 
represent  the  savings  introduced  by  the  ATE  installation.  This  percentage  capa¬ 
city  which  is  idle,  can  be  calculated  aa  follows: 

Y  =  (MrBF)2  -  (MTBF)! 

(MTBF (2 

-  %rhere 

Y  ■  percentage  capacity  idle 

(MTBF)!  =  former  failure  time 

(MIBF)2  ■■  fall\ire  time  after  installation  of  ATE 

The  ATE  costs  savings  related  to  Y  is  not  only  the  cost  of  actual  repair, 
but  all  the  transportation  and  handling  coat  involved  in  repairing  these  units. 
Thus,  the  first  ATE  savings  can  be  calculated  as  follows: 

ATE  Savings  #1  =  Y  X  (Maint  Repair  Cycle  Costs)  X  Depot  Capacity 

Unit 

If  it  is  assumed  that  the  percentage  capacity  idle  is  utilized  by  drawing 
off  from  the  capacity  of  the  manual  repair  facilities,  a  second  saving  results 
from  the  application  of  ATE. 

Depot 

ATE  Savings  #2  =  Y  X  (Manukl  Repair  Costs  -  ATE  Repair  Costs)  X  Cai)aclty 

Unit 

However,  this  action  introduces  a  new  set  of  higher  reliability  equip¬ 
ments  and  ATE  Saving  #1  must  be  applied  to  them.  This  in  turn  introduces  more 
idle  maintenance  facilities  and  the  process  extended  ad  infinitum.  The  combina¬ 
tion  of  ATE  Saving  §1  and  ff^S  will  then  be : 

ATE  Savings  #1  and  #2 

=  (Maint  Repair  Cycle  Coats  +  Manual  Repair  Costs  -  ATE  Repair  Costs) 

'  Unit  Unit 

(  Y  +  +  Y^"^  .  .  •  )  (Depot  Capacity) 
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2.^.k  General  Arialyols  (contd) 

ATE  SavlJigs  #1  and  #2 

=  (Malnt  Repair  Cycle  Costs  +  Manual  Rei«lr  Costs  -  ATE  Repair  Costs) 

Unit  Ifalt 

(Depot  Capacity) 

/ 

A  third  aavlngs  nsuLtlng  frvn  an  ATS  faalllty  la  the  extaadad 

utilization  of  the  electronic  equipments  with  higher  reliability.  The  time 
wiiich  the  faulty  electronic  equipment  spends  in  the  repair  cycle  cannot  be 
considered  as  part  of  the  useful  life  of  the  equipment .  However,  if  einy  equip¬ 
ment  continues  to  stay  in  service  due  to  a  higher  reliability,  this  additional 
time  in  service  represents  a  benefit  from  the  higher  reliability.  Then  a  third 
savings  in  ATE  is: 

ATE  Savings  =  Time  in  Repair  Cycle  X  Avg  Equipment  Cost  (Y)X  Depot  Capacity 

Avg  Equipment  Life 

The  total  savings  due  to  the  reliability  increase  of  electronic  equipment 
serviced  by  ATE  procedures  is  the  sum  of  ATE  savings  and  and  ATE  Saving 
#3.  This  does  not  include  the  direct  labor  savings  estimated  in  the  Final 
Engineering  Report  of  the  first  ATE  Study  AP  33(6oh)-285hl. 


2.6  SUPPORT  CONSIDEFUTIONS  FOR  AUTOMATION 


2.6.1  Sunnaxy 

The  Installation  and  operation  of  the  General  Purpose  Automatic  Test 
System  at  DAAFD  will,  In  general,  require  the  same  8\q>port  functions 
as  the  Depot  Repair  Shop.  The  MRS  (Materiel  Repair  System)  now  In 
use  at  DAAFD  was  Investigated  to  determine  conpatlblllty  with  the 
General  Purpose  Automatic  Test  System.  Bnphasls  was  placed  on  those 
departments  having  closest  contact  with  the  Depot  Repair  Shop  as 
these  departments  will  have  the  closest  contact  with  the  General 
Purpose  Automatic  Test  System.  The  effect  of  automation  on  the 
departments  supporting  the  MRS  will  be  secondary  In  nature  with  the 
primary  departmental  functions  remaining  unchanged.  Modifications 
of  methods  and  techniques  used  to  aocoiqpllsh  their  primary  functions  are 
recommended  for  Production  Control,  Quality  Control  and  Industrial- 
Engineering.  Automation  will  not  greatly  affect  other  departmental 
functions  concerned  with  supporting  the  MRS,  To  Insure  a  minimum  of 
Integration  problems  when  the  changeover  occurs  and  to  guarantee 
maximum  utilization  of  ATE,  the  training  of  personnel  In  new  tech¬ 
niques  and  methods  must  be  accoiqpllshed  simultaneously  with  the 
development  of  the  ATE. 

2.6.2  Industrial  Engineering 

Preparation  of  work  standards  (time  standards)  for  equipments  to  be 
serviced  will  be  a  function  of  industrial  Engineering.  Work  standards 
for  modules  requiring  servicing  must  also  be  determined. 

Section  2,6.4.3  describesa  requlreneutfor  generation  of  time  data  dur¬ 
ing  operation  of  the  General  Puzpose  Automatic  Test  System.  This 
process  records  the  time  involved  for  ATE  set-up,  defective  unit  hook¬ 
up  and  tear-down,  and  actual  test  time  at  the  test  bench.  This  Infor¬ 
mation  is  generated  primarily  for  utilization  by  Industrial  Engineer¬ 
ing  to  determine  work  standards  and  time  sharing  capabilities  of  the 
General  Purpose  Automatic  Test  System. 

Initial  work  standards  and  time  sharing  factors  can  be  determined  from 
preliminary  testa  after  development  of  test  programs.  Subsequent 
workloads  of  black  boxes/modules  will  generate  more  Information,  which 
then  can  be  used  to  modify  the  existing  standards. 

The  General  Purpose  Automatic  Test  System  facility  requirements  will 
be  determined  during  the  ATE  development  phase.  Industrial  Engineer¬ 
ing  must  determine  what  depot  facility  modifications  are  performed 
prior  to  arrival  of  the  ATE. 

One  factor  requiring  attention,  not  only  In  the  installation  phase 
but  in  the  operating  phase  as  well,  is  the  primary  AC  power  supply. 

The  maximum  requirement  may  be  determined  during  the  ATE  development 
stage  but  since  most  building  blocks  will  have  single  phase  power  in¬ 
puts  as  opposed  to  a  3  phase  main  supply,  a  phase  balancing  procedure 
will  be  required.  It  is  suggested  that  this  be  done  during  or  as  a 
by-product  of  scheduling  when  required  building  block  type  and  quanti¬ 
ties  are  available. 
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2.6.3  Quality  Control 


Quality  Control's  responsibility  for  maximizing  reliability  of 
senriced  end  items  will  not  be  changed.  Instead  of  relying  on 
manual  test  equipment,  system-mockups  and  a  saiqpling  procedure^  end 
item  quality  will  be  a  function  of  automatic  test  programs  and  the 
accuracy  of  the  automatic  test  equipment.  Once  the  test  programs  are 
written  and  proved,  automatic  test  equipment  accuracy  is  the  prime 
factor  determining  reliability  of  end  items.  Ih  conjunction  with 
Production  Control,  Quality  Control  can  maximize  the  ATE  Rsliabllity- 
Confldence  Factor  by  self  test  programs  (self  contained  and  external 
standards),  proper  calibration  adjustments,  and  periodic  preventive 
maintenance  procedures. 

Results  of  tests  and  calibration  adjustments  will  be  recorded,  and 
personnel  from  Quality  Control  can  monitor  these  records  to  verify 
end  item  reliability.  Responsibility  for  the  mechanical  inspections 
of  end  items  will  not  change. 

When  problem  areas  are  detected,  present  procedures  will  apply  and 
appropriate  depairtments  mast  cooperate  to  solve  these  problems. 

2.6.1  Production  Control 

The  inplementation  of  the  General  Purpose  Automatic  Test  System  will 
require  a  change  in  techniques  used  to  obtain  information  and  data 
for  the  Production  Control  function.  All  information  such  as  bits 
and  pieces  usage,  work  standards,  etc.,  will  be  based  on  automatic 
test  procedures  instead  of  manual  procedures.  The  bits  and  pieces 
requirements  will  be  somewhat  Increased  due  to  the  greater  number  of 
components  checked  and  there  will  be  an  additional  requirement  for 
spare  modules.  It  should  again  be  enphaslzed  that  training  of  person¬ 
nel  to  operate  the  test  area  should  be  done  prior  to  installation  of 
the  General  Purpose  Automatic  Test  System. 

Scheduling,  Pre-Production  planning,  and  test  data  generation  are 
also  function  of  Production  Control  and  are  covered  in  following 
discussions. 

2.6.I4.I  Scheduling 

Delivering  a  schedule  for  end  item  servicing  is  a  function 
of  Production  Control,  and  in  addition  to  promoting  a  smooth 
flow  of  serviced  end  items  provides  the  following  Information 
necessary  for  operation  of  the  General  Purpose  Automatic  Test 
System. 

1.  Estimated  bits  and  pieces  requirements  for  the  schedule 
period. 

2.  Estimated  modules  required  for  substitution  during  the 
schedule  period. 

3.  Building  block  requirements  for  the  schedule  period. 

Proper  scheduling  techniques  will  minimize  the  total  building 
block  requirements  and  minimize  the  changing  of  building 
blocks  from  one  set  up  to  the  following  set  up. 


The  process  of  scheduling  requires  addition,  subtraction, 
multiplication,  division  and  storage  of  inter  nediate  results 
and  is  suited  to  the  use  of  a  coi^puter.  With  the  exception 
of  workloads  and  priority  information,  the  data  required  can 
be  stored  on  cards  for  use  by  the  conputer.  These  cards  can 
be  periodically  revised  as  newer  and  more  accurate  information 
becomes  available. 

The  following  actual  or  estimated  information  must  be  avail¬ 
able  for  each  end  item  to  be  serviced. 

1.  Service  time  per  end  item 

2.  Time  sharing  factors  for  Progranner  Controller  and 
building  blocks 

3.  Modules  and  bits  and  pieces  usage  factors 

1.  Total  building  block  requirements 

5 .  Workload 

6.  Priority  assigned  to  end  items 

The  following  general  information  must  be  available! 

1.  Spare  module  and  bits  and  pieces  assets 

2.  Total  building  block  assets 

3.  Status  of  building  blocks  in  use  at  start  of  new  sdiedule 
period 

End  items  must  be  sorted  into  groups  by  building  block  require¬ 
ments.  If  necessary,  a  group  may  be  divided  into  sub-groups 
if  the  number  of  test  benches  is  greater  than  the  number  of 
grotq)S.  The  groups  can  be  formed  on  the  basis  of  the  follow¬ 
ing  sorting! 

1.  Progrummable  transfer  oscillators 

2 .  Programmable  oscillators 

3.  Programmable  pulse  generators 
1.  Programmable  power  supplies 
5.  Combinations  of  the  above 

To  forsee  and  correct  shortages  of  spares  the  module  and  bits 
and  pieces  usage  should  be  calculated  (module  or  bits  and 
pieces  usage  factor  x  workload)  and  compared  to  q)are  assets 
(actual  spares  +  projected  additions).  If  spares  are  not 
available,  end  item  servicing  can  be  scheduled  when  spares 
become  available.  In  the  absence  of  actual  data  and  experience 
the  following  assunptions  will  be  made  to  sinplify  the  schedul¬ 
ing  procedure. 
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1.  An  effective  voiking  day  of  5.6  houjrs  is  assumed  for  GPATS 
and  test  benches  to  allow  fot  a  'JQ$  efficiency  factor. 

2.  In  general,  final  performance  tests  for  an  end  item  will  be 
done  after  all  defective  module  Isolation  tests  are  completed 
for  that  partlculuar  end  Item. 

3.  Final  performance  tests  req,uire  the  same  building  blocks  as 
defective  module  Isolation  tests. 

4.  An  over -run  of  1  day  Is  assumed  for  any  test  bench  for  comput¬ 
ing  available  building  blocks.  This  prevents  an  over -run  at 
one  bench  from  delaying  changeover s  at  another  bench. 

3.  An  ATf  ohazigeover  will  Idle  the  bench  concerned  for  .75  hours 
and  will  Idle  the  Prograjaaer -Controller  and  all  other  benches 
associated  with  It  for  .37  hours. 

6.  An  Idle  time  Is  assumed  when  the  time  sharing  factor  of  all 
benches  associated  wlbh  a  Programmer-Controller  Is  greater 
than  100)1. 

The  scheduling  process  Involves  using  data  described  by  the  follow¬ 
ing  questions.  The  data  can  be  conqputed  using  the  information  for 
each  end  item  and  the  general  information  previously  described. 

1.  Where  are  building  blocks  located  at  any  given  time? 

2.  What  quantity  of  building  blocks  are  required  to  service  the 
end  items? 

3.  What  building  blocks  were  used  for  previous  bench  set-up? 

4.  Assuming  schedule  is  followed,  what  building  blocks  are  in 
stock  or  storage? 

f?.  What  are  the  building  block  assets  if  it  is  assumed  any  bench 
can.  have  eui  over-run  of  one  day? 

6.  What  are  the  new  assets  after  nesi'  requirements  for  any  bench 
have  been  subtracted  and  building  blocks  released  from  previous 
setups  axe  added? 

By  using  a  computer  to  sort  data  on  end  items,  to  choose  next  end 
item  to  be  serviced  on  basis  of  building  block  requirements,  time 
sharing  factors,  etc.,  and  keeping  a  ruzxnlng  account  of  ala.  data 
required  to  answer  the  six  previous  questions,  a  schedule  auiy  be 
derived. 

2. 6. 4. 2  Pre-production  Planning 

A  pre-production  workload  estimate  can  be  made  using  the  saune 
basic  format  as  the  scheduling  process.  From  an  overall  list 
of  end  items  the  pre-production  estimate  process  must  select 
the  end  item  and  quantities  of  end  items  that  can  be  serviced. 
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Assuming  that  test  programs  are  available  for  the  end  items 
the  workload  estimate  requires  finding  answers  to? 

1.  Are  the  types  and  quantities  of  building  blocks  available 
to  service  the  end  item? 

2.  Can  the  stated  workload  be  done? 

3.  If  the  stated  workload  cannot  be  done,  what  quantity  can 
be  done? 

The  scheduling  format  keeps  a  running  account  of  time  spent 
at  the  bench,  time  left  at  the  bench  and  Building  Blocks 
available.  B7  conparlng  available  Building  Blocks  to  re¬ 
quired  Building  Blocks,  the  first  question  may  be  answered. 

The  second  question  may  be  answered  by  conparing  the  required 
service  time  (end  item  time  x  workload  +  ATE  set-up)  with 
time  left  at  a  bench  or  benches.  The  third  question  may  be 
answered  in  a  manner  similar  to  the  second  by  solving  for 
workload  when  available  time  is  known. 

2. 6. 1.3  Data  Output  From  Test  Area 

Production  Control  must  increase  their  activity  in  the  gener¬ 
ation  of  data  concerning  test  results,  failure  and  repair  in¬ 
formation,  and  time  information.  This  data  should  be  gener¬ 
ated  by  equipment/personnel  of  the  test  area  for  use  by  other 
areas  of  the  depot.  There  will  be  some  manual  insertion  of 
information  onto  data  forms.  Identical  data  formats  and  forms 
would  be  utilized  for  final  performance,  defective  module  and 
defective  con^onent  levels  of  depot  maintenance. 

A  description  of  information  required  and  final  use  of  eadi 
type  of  information  follows? 

1.  Test  Results  -  This  print  out  of  end  item  tests,  ATE 

self  tests,  and  calibration  tests  will  provide  a  permanent 
record  to  aid  Quality  Control  in  verification  of  end  item 
quality  or  in  an  analysis  of  problems  or  methods  of 
inproving  quality  of  end  items. 

2.  Failure  and  Repair  Information  -  This  information  will  be 
tagged  to  the  defective  item  after  initial  testing  and 
remain  on  the  defective  item  until  indicated  repairs  are 
conpleted.  It  must  contain  the  class  stock  nu]ii)er  of  the 
defective  module,  serial  number  or  code  number  of  the 
defective  module,  information  correlating  the  no-go  test 
number  or  numbers  with  properly  identified  defective 
conponents  (class,  stock  number,  circuit  nomenclature), 
and  out  of  tolerance  readout.  Duplicate  cards  will  be 
required  for  Materiel  Performance,  Data  Services,  obtain¬ 
ing  spare  conponents  from  stock,  earned  materiel  records 
and  other  functions.  The  significance  of  this  data  is 
further  shown  in  Figure  28  (Module  Repair  Cycles)  and  in 
Section  2.6.3< 
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3.  Time  Information  -  To  derive  an  adequate  and  valid 

schedule,  pre-production  schedule  or  workload  estimate, 
Production  Control  must  have  valid  black -box/module 
actual  hook-up  and  tear-down  time,  test  time,  operator 
participation  time,  and  time  sharing  factors  (requires 
additional  computation).  These  figures  will  be  processed 
and  periodically  modified  by  Industrial  Engineering. 

Time  information  must  bo  fed  to  Industrial  Engineering  from 
the  test  area.  To  relieve  the  test  bench  operator  of 
tedious  time-keeping  and  to  insure  the  validity  of  data, 
instruments  similar  to  time  clocks  will  be  associated  with 
the  test  bench  and  commanded  liy  the  Programmer-Controller. 
These  instruments  will  generate  the  required  time  informa¬ 
tion  for  several  segments  of  the  test  sequence. 

The  time  or  operating  sequence  of  the  time  devices  might  be 
as  followss 

1.  Operator  manually  commands  a  time  print  and  reset  to  zero 
before  setting  up  required  building  blocks. 

2.  Programmer -Controller  commands  timer  readout  and  reset  to 
zero  as  it  starts  into  the  test  sequence. 

3.  Programmer-Controller  commands  timer  readout  and  reset  to 
zero  as  it  releases  control  to  Controx  Computer (this  step 
and  following  step  will  be  eliminated  if  the  Control  Com¬ 
puter  is  not  required  for  the  particular  end  item  being 
tested) . 

I4.  Control  Conputer  commands  timer  readout  and  reset  to  zero 
as  it  conpletes  tests  or  releases  control  to  Programmer- 
Controller. 

5.  Programmer-Controller  commands  timer  readout  and  reset  to 
zero  as  it  ends  test  sequence  (unless  Control  Conputer  has 
finished  tests  without  releasing  control) . 

6.  Programmer-Controller  commands  readout  and  reset  to  zero 
at  start  of  test  sequence  on  new  end  item. 

It  will  be  necessary  to  produce  a  code  to  identify  the  various 
printouts.  If  step  1  selected  a  code  letter  "A"  to  be  printed 
with  the  time  print  at  the  2nd  step  axid  the  2nd  step  selected 
a  code  letter  •’B’*  etc.,  then  each  time  readout  would  be 
acconpanied  by  an  identifying  code.  The  time  from  one  step  to 
another  is  now  identified  and  may  be  classified  as  followst 

Time 

Step  to  Step  Codes 

1- 2  A 

2- 3  B 

3  -  I4  C 

I4  -  5  B 

5-6  D 
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Where 


A  ■  Time  required  to  set  up  required  building  blocks  and 
obtain  special  cables,  fixtures,  etc,,  and  hook-up  first 
end  item. 

Sum  of  all  B's  *■  test  time  +  substitution  and  adjustment  time. 

C  ■  Control  Conputer  usage  timer. 

D  "  Tear  down  and  set  up  time  required  to  switch  equipments 
of  same  type. 

After  the  above  information  has  been  collected  for  a  nuniber 
of  end  items  of  the  same  type,  an  average  figure  may  be 
calculated  and  used  as  required  time  or  time  standards  for 
scheduling  purposes. 

2.6.5  Module  Repair  Cycle 

An  automatic  test  system  to  service  the  workload  as  presented  in  the 
Final  Engineertng  Report  on  Automatic  Test  Equipment  Study  for  DAAFD 
(Contract  No.  AF  33(60li)-285l4l)  involves  a  quantity  of  defective  modules 
which  necessitate  a  repair  cycle  (instead  of  repair  by  test  area 
personnel)  for  effective  operation.  A  suggested  flow  diagram  for  the 
testing  and  repair  of  defective  modules  is  shown  in  Figure  2d. 

The  simultaneous  arrival  of  the  defective  modules  and  the  spare  parts 
required  to  repair  the  modules  at  the  repair  area  is  expected  to  pre¬ 
sent  problems.  All  efforts  should  be  expended  toward  this  simultaneous 
arrival,  as  a  repair  area  back-up  of  either  defective  modules  awaiting 
spares  or  spares  without  the  defective  modules  is  undesirable.  In 
general,  the  needed  spares  ^ould  be  immediately  available  from  the 
spare  parts  storage  area  with  little  dependency  on  outside  or  other 
sources . 

The  repairable  (defective)  modules  are  sent  to  the  repairable  modules 
storage  from  the  field  if  they  are  treated  as  a  separate  end  item  and/ 
or  from  the  black-box  test  area  where  defective  modules  are  located 
and  removed.  The  modules  that  have  been  tested  and  repaired  during 
the  previous  cycle  and  are  awaiting  retest  are  also  stored  in  this 
area. 

Ulpon  notification  from  Production  Control  (according  to  schedule),  the 
repairable  modules  are  moved  into  the  test  area  and  tested.  After 
determination  of  defective  coii5)onents,  modules  are  tagged  with  necessary 
identification  data  and  sent  to  a  storage  area  for  a  definite  constant 
time.  Identical  information  starts  through  the  cycle  for  obtaining  the 
required  spare  parts.  Storage  of  defective .modules  immediately  after 
testing  is  to  condensate  for  the  time  to  locate  spare  parts,  when 
available,  and  transport  them  to  the  repair  area.  A  two-day  period  is 
presented,  but  is  subject  to  change.  If  the  spare  item  is  not  available 
at  the  depot,  the  defective  module  is  removed  to  an  adjacent  storage 
area  during  this  two-day  period,  and  remains  there  until  notification 
of  arrival  at  the  depot  of  the  required  spares.  Notification  of 
shortage  of  spare  parts  and  arrival  of  spare  parts  is  also  given  to 
Production  Control  for  scheduling  purposes. 
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DEFECTIVE  MODULES  FROM  FIELD 
AND  BLACK  BOX  TEST  AREA 


Figure  28 


Module  Repair  Cycle 


Plug  In  components  (mainly  tubes)  cam  be  stored  in  the  automatic  test 
airea  and  substituted  into  defective  modules  Immediately  so  retest  can 
be  accomplished  without  removal  from  the  test  area. 

The  defective  modules  and  spare  parts  airrive  at  the  repair  area,  axe 
matched^  modules  sure  repaired,  and  sent  to  the  repairable  module  storage 
area  to  await  retest  as  previously  stated.  Failure  cards  are  routed  to 
Production  Control  to  confirm  repair  of  modules. 

The  repaired  modules  will  be  retested  and  after  acceptance  sent  to  the 
serviceable  module  storage  area.  These  modules  may  be  shipped  directly 
to  the  field  and/or  be  used  for  substitution  into  defective  black  boxes. 

Two  slight  variations  mi^t  occur  in  the  cycle.  A  good  module  might  be 
erroneously  shipped  from  the  field  or  black  box  test  area,  in  which  case 
the  module  will  go  directly  from  the  test  enrea  to  the  serviceable  module 
storage  area.  The  other  will  occur  when  the  repaired  module  will  still 
be  defective  due  to  faulty  or  insufficient  test  programming  or  damage 
during  repair.  This  module  will  be  redirected  through  the  repair  cycle. 
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2.7 


Equipment  Survey  for  Determining  Building  Block  Regulrements 


2.7.1  Summary 

The  automatic  test  system  determined  by  the  first  study  vas  applied 
to  21  systems  at  Dayton  during  the  present  extension.  The  automatic  test 
system  required  four  additional  building  blocks  to  check  out  the  AN/APN-136 
and  the  AN/aL(1-16.  The  Oscillator  from  40  -  400  MC  and  Oscillator  from  8.4 
10.4  KMu  previously  specified  were  modified  to  include  additional  require¬ 
ments.  The  final  Automatic  Test  System  determined  by  the  first  study  and 
the  extension  has  the  capability  to  check  out  a  total  of  36  airborne  elec¬ 
tronic  systems  vhich  are  presently  being  repaired  at  DAA7D  and  future  equip¬ 
ment  to  be  repaired  by  depot. 


The  final  automatic  test  system  will  consist  of  44  stimulus  genera¬ 
tor,  response  monitor  and  load  building  blocks  to  perform  defective  module 
and  defective  component  isolation  of  vaurious  airborne  electronic  systems. 

The  automatic  test  system  will  be  able  to  check  out  different  systems  by 
using  a  test  tape  and  a  group  of  building  blocks  assembled  in  a  test  area 
with  a  limited  number  of  accessories  to  perform  fault  isolation  of  a  partic¬ 
ular  unit  to  be  tested. 
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2.7-2 


General 


-r 


The  Pinal  Engineering  Report  on  USA.P  Contract  AP  33  (604)32036  is  in 
part  to  show  the  results  of  applying  the  automatic  test  system  as  defined  by  the 
previous  study  to  a  select  group  of  new  and  varied  airbnme  electronic  systems. 

The  purpose  was  to  confirm  the  versatility  and  the  capabilities  of  the  Automatic 
test  system  to  perform  testing  wiien  applied  to  electronic  system  for  both  the  present 
and  the  predictable  future . 

2.7-3  Airborne  Electronic  Equipment  Surveyed 

The  various  airborne  electronic  systems  in  the  B-58,  PIOIB,  PI05  and  other 
aircraft  were  investigated  to  determine  the  building  blocks  required  by  the  automatic 
test  system  to  perform  defective  module  isolation  and  defective  coii5)onent  Isolation 
of  a  particular  equipment.  The  types  of  equipment  surveyed  were  communications,  IPP, 
Countermeasures,  radar  and  navigational  equipment  to  be  checked  out  by  the  automatic 
test  system. 


The  communications  and  navigational  equipment  surveyed  were  the  ARC-70, 
ARC-57,  ARC-74,  ARR-61,  AIC-20,  ARN-62,  ARN-61,  ARA-48  and  ARN-50. 

The  radar,  ECM  and  IPP  equipment  surveyed  were  APN-136,  AHI-135,  AIiR-12, 
ALQ-16,  Chaff  Dispenser,  APX-37,  APX-26  B,  APX-27  B,  APX-j4,  APX-46,  AFX-47  and  APX-48. 
Of  these,  the  last  four  equipments  were  stirveyed  only  to  determine  if  new  building 
blocks  were  required  and  their  specific  test  requirements  are  not  listed  in  this 
section . 

2-7-4  Additional  Building  Block  Requirements 

The  airborne  electronic  systems  that  required  additional  building  blocks 
were  the  Position  Indicator  radar  beacon  set  AN/APN-136  and  the  countermeasures  set 
AN/ALQ-16.  Ttie  AN/Aro-136  required  three  new  building  blocks,  the  Oscillator 
12.4-18.0  KMC,  Peak  Power  Meter  (12.4  -  I8.0  KMC),  eind  Spectrum  Analyzer  12.4  -  I8.0  KMC. 
The  AN/ALQ-i6  required  one  new  building  block  which  was  the  Oscillator  2.6o  -  3-95  KMC. 

2.7- 5  Additional  Requirements  to  Existing  Building  Blocks 

The  building  blocks  described  in  the  previous  study  required  specification 
changes  to  increase  the  capabilities  of  the  automatic  test  system  to  check  out  the 
AN/ARR-6i  £ind  AR/ALQ-i6.  The  oscillator  from  40-400  MC  required  frequency  modulation 
capabilities  in  order  to  check  out  the  Radio  Receiver  Set  AN/ARR-6i.  The  X-Band  signal 
generator  was  extended  from  10.4  MC  to  12.4  KMC  to  perform  automatic  check  out  of  the 
countermeasures  set  AN/ALQ-i6.  The  peak  power  meter  specification  was  modified  to 
Include  measurements  to  I8  KMC  as  this  device  uses  separate  waveguide  thermistor  mounts 
for  each  band. 

2.7- 6  Revised  Building  Block  List 

The  building  block  list  as  presented  in  the  first  Pinal  Engineering  Report 
on  Automatic  Test  Equipment  Study  has  been  revised.  Several  items  formerly  considered 
as  building  blocks  have  been  grouped  into  the  accessory  category.  The  items  formerly 
classed  as  building  blocks  which  have  now  been  categorized  as  accessories  are  as 
follows : 


1.  X-band  noise  generator 
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2.  l^eciBlon  calibrated  waveguide  attenuator 

3.  Standard  gain  horn 

4.  Wavemeter  (absorption  type) 

5 .  Coincidence  detector 

6 .  Thermocouple  voltmeter 

The  X-band  noise  generator  specification  called  out  in  the  Final 
Engineering  Report  under  Contract  AF  33(6o4)-2854l  act’jally  called  for  noise  genera¬ 
tion  over  a  spectrum  broader  than  X-band.  Because  these  generators  are  wave  guide 
mounted  devices  for  fixed  noise  i>ower  otrtput  levels,  automation  is  not  practical  and 
the  generator  is  now  termed  an  accessory. 

The  other  items  are  used  infrequently  and  their  operation  also  cannot  be 
automated  for  practical  purposes .  It  is  recommended  that  existing  depot  equipment 
continue  to  be  used  for  these  applications,  at  least  during  the  initial  ATE  implemen¬ 
tation.  As  ATE  application  expands,  further  definition  of  requirements  for  these 
accessories  may  eventually  return  then  to  a  building  block  status. 

In  the  analysis  of  feasible  building  block  designs,  it  became  apparent  ■ 
that  the  programmable  oscillator  0.1  cps  -  30  KC  specifications  should  be  revised  to 
delete  the  requirement  for  generation  of  sawtooth,  trapezoid  and  triangular  waveshapes. 
Instead,  a  separate  Function  Generator  building  block  is  recommended  which  operates  in 
conjunction  with  the  programmable  pulse  generator.  This  capability  is  not  required  as 
often  as  0.1  cps  -  30  KC  sine  wave  generation  (five  applications  in  congxjnent  and 
module  isolation  for  the  15  systems  originally  studied)  and  classification  as  a  separate 
building  block  will  also  have  economic  advantages . 

It  should  be  noted  also  that  some  building  block  listings  have  been  resolved 
into  two  or  more  physical  units  for  design  advantages  and  convenience  and  economy  of 
usage .  This  is  true  of  the  Programmable  AC  supply  primary  voltage  building  block  which 
is  now  specified  as  separate  single  phase  and  three  phase  regulators .  The  spectrum 
analyzer  building  block  has  also  been  resolved  ijito  units  covering  discrete  bands. 

2.7.7  Black  Box  Versus  Building  Blocks  for  Defective  Module  Isolation 

The  charts  of  figures  29,  30  ,  and  31  on  pages  95  ,  96  ,  and  97 

showing  black  box  versus  building  blocks  required  for  defective  module  isolation,  are 
taken  from  the  three  monthly  progress  letters  of  the  automatic  test  equipment  study 
extension.  The  charts  show  the  number  of  times  a  particular  building  block  is  required 
to  check  out  a  black  box  with  ATE.  The  charts  are  used  to  determine  total  test  equip¬ 
ment  requirements  for  defective  module  isolation  of  a  particular  black  box. 

The  charts  showing  black  boxes  versus  building  block  for  defective  module 
isolation  are  for  the  following  equipments: 

Figure  29  AN/APX-37 

an/arc -70 

AN/ARN-62 

AN/ARN-61 

AN/AIC-20 

AN/APX-27B 

AN/APX-26B 

PP-I851/ASQ-37 
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Figure  2.9  •  Black  Box.  vs  Building  Blocks  for 
Module  Isolation  ^1 
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Figure  "’,0,  Black  Box  vs  Building  Blocks  for 
Module  Isolation  #2 
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2.7*7  (contd) 


Figure  30 

m/arc-74 
an/arc -57 

AN/ARN-50 
AN/APN-136 
AN/APN'-135 
AN/ALQ-12 
Chaff  Dispenser 

Figure  31 

an/alq-16 

an/arr-61 

2.7*8  Module  Versus  Building  Blocks  for  Defective  Component  Isolation 

The  charts  of  figure  31,  32,  33,  and  34  on  pages  91  ,  99  , 

100,  and  101  showing  module  versus  building  blocks  required  was  taken  from 
the  three  monthly  progress  leters  of  this  study.  The  charts  show  the  number 
of  times  a  building  block  was  required  for  component  isolation  of  a  partic¬ 
ular  module.  The  charts  are  used  to  determine  total  test  equipment  require¬ 
ments  for  defective  component  isolation. 

The  charts  showing  module  versus  building  blocks  required  for 
defective  component  isolation  cover  the  following  equipient. 

Figure  32 

AS-909/ARN-48 
an/arc -70 
an/apx-37 

AN/ARN-62 

AN/ARN-61 

AN/APX*.27B 

AN/APX-26B 

PP-I851/ASQ-37  and  AN/aIC-20 

Figure  33 


AN/ARN-50 

AN/ALQ-12 

an/arc -74 
AN/APn-57 
AN/APN-135 
AN/APN-136 
Chaff  Dispenser 
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Figure  32. 


Module  vs  Building  Blocks  for  Component 
Isolation  i^l 


MODULE  TO  COMPONENT  ISOLATION 
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Figure  34.  Module  vs  Building  Blocks  for  Component 

Isolation  #3B  .lOl- 


2.7*8  (contd) 


Figure  31 

AN/ALCI-16 

Figure  3^ 

AN/ARR-61 

an/alq-16 

2*7*9  Additional  Acceeeory  Requirements 

Additional  Acceasorles  are  required  to  cheek  out  the  AII/ARR-61, 
AN/ALQ-16  and  AN/APN-136  with  the  automatic  test  system.  The  Radio  Set 
AN/ARR-61  requires  a  special  coder  unit  to  operate  In  conjunction  with 
the  pulse  generator.  The  coiinte measure  Set  AN/aLQ-i6  requires  a  special 
solenoid  power  supply  to  check  out  the  various  TWT  in  the  system.  The 
Position  Indicating  Radar  Beacon  Set  AN/AFN-136  requires  a  Ku  hand  wave- 
meter  (absorption  type)  to  measure  frequency  of  the  radar  pulse. 

2.7*10  Building  Blocks  Versus  Their  Frequency  of  Occurrence  for 
Defective  Module  Isolation 


The  graph  of  Figure  35  shows  comparative  duty  of  42  building  blocks 
employed  in  defective  module  isolation  for  the  equipment  surveyed  in  the 
extension  and  the  equipment  investigated  in  the  first  Automatic  Test  Equip¬ 
ment  Study.  The  ordinate  of  this  graph  shows  the  frequency  a  particular 
building  block  was  required  in  79  defective  module  isolation  tests.  The 
ordinate  is  in  percent  points  where  100  percent  will  represent  the  use  of  a 
building  in  all  79  module  isolation  tests. 

The  most  frequently  used  building  blocks  are  the  programmer-controller, 
programmable  multimeter,  delay  generator,  and  the  Power  Supply  from  0.1  - 
35  VDC .  Among  the  stimulus  generators  all  ranges  of  programmable  oscillators 
are  used  with  the  low  frequency  being  predominant.  The  frequency  and  time 
interval  meter,  and  waveform  analyzer  are  used  approximately  for  50  percent 
of  the  defective  module  isolation  tests. 

2.7*11  Building  Blocks  Versus  Their  Frequency  of  Occurrence  for  Defective 

Component  Isolation 

The  graph  of  figure  36  shows  comparative  duty  of  each  of  42 
building  blocks  which  are  employed  in  defective  module  component  isolation. 

This  graph  combines  the  information  from  the  first  automatic  test  equipment 
study  for  DAAFD  and  the  extension.  The  ordinate  of  the  graph  is  expressed 
in  the  percent  of  modules  using  a  particular  Item  for  component  isolation. 

The  total  number  of  modules  investigated  was  477^  representing  100  percent 
on  the  ordinate  of  this  graph. 
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Flgxjre  35-  Building  Block  vs  Frequency  of  Occurrence 
for  Module  Isolation 


0UILCNNG  BLOCKS 


euiuNfic  mjocns 


2.7.10 


(contd) 


In  the  defective  coo^onent  Isolation  the  Progranmer-ControUer, 
delay  generator  and  multloeter  are  used  for  greater  than  90  percent  of 
the  modules  to  be  tested.  The  Impedance  meter,  time  Interval  and  fre¬ 
quency  meter,  power  supply  0.1  -  35  VDC,  power  supply  30  -  500  VDC,  and 
AC  supply  6.3  volt  building  blocks  are  used  to  find  the  defective  compon¬ 
ent  In  approximately  50  percent  of  the  modules  to  be  tested.  It  can  be 
noted  that  some  Items  are  used  exclusively  in  defective  module  analysis 
while  others  are  employed  only  In  defective  component  Isolation.  This 
e]q>lalnB  the  zero  percentages  for  some  Items  on  both  graphs. 
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2.8 


Prtllmlnary  Resulta  on  Study  of  Warner  Roblna  Igulpment 


2.8.1  3iii«ii>T«y  -  The  study  of  circuitry  and  functions  of  ten  airborne  black 
boxes  serviced  by  WRAMA.  has  been  coatpleted.  Although  manual  participation  In 
automated  test  routines  Is  req.ulred  In  certain  Instances  and  some  units  require 
considerable  manual  overhaul  effort.  It  Is  believed  that  application  of  automatic 
test  equipment  will  result  In  a  considerable  Increase  In  output  production  and 
reliability. 

Study  of  VQtAMA  equipment  Indicates  that,  In  addition  to  building  blocks 
already  specified,  one  nev  building  block  Is  needed:  an  A.C.  high  pot  supply.  All 
other  stimulus  and  response  requirements  are  met  by  existing  building  blocks  and 
by  specification  changes  to  the  400  cps  power  supply,  phase  referenced  and  to  the 
synchro  transmitter  and  building  block  specifications. 

2.8.2  General  -  Stimulus,  response  measurement  and  load  requirements  for  the 
following  black  boxes  have  been  determined  and  aire  shown  In  Figure  37* 


a. 

AH/ASB-4 

1. 

Velocity  Integrator 

2. 

Range  Integrator 

3. 

Longitudinal  Data  Computer 

4. 

Heading  Error  Computer 

5. 

Raidar  Receiver/Transmitter  Unit 

b. 

1. 

Servo  Central. 

2. 

Computer  Central 

3. 

Target  Position  Ccmputer 

4. 

Pulse  Sweep  Generator 

c. 

K-4A 

1.  Stabilization  Amplifier 

Differences  between  the  AN/ASB>4  and  All/ASB-9  wad  differences  between  the 
A3A  and  ND-9  have  only  a  minor  bearing  on  their  respective  checkout  procedures. 
Tentative  specifications  for  new  building  blocks  required  are: 

Precision  frequency  kOO  cps,  2  phase  supply  requirsswnts 


Input  voltage 
Input  frequency 
Output  frequency 
Output  voltage 
Output  phases 
Output  i>ower 


105-125  VAC 
55-^20  cps 
400  cps  +  0.1^ 
115  V  +1^  fixed 
2  phase 

500  volt  amperes 
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Figure  37 


VBAMA  Airborne  Equipment  Survey 
Building  Block  Eequlreaente 
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Prograiamer  -Controller 
Oscillator  0.1  cps  -  30  KC 
Oscillator  30  KC  -  kO  tC 
Oscillator  40  )C  -  400  )C 
Oscillator  930  MC  -  1290  VC 
Oscillator  8.9  Ksc  -  12.4  Knc 
1.00  Me  Cut-Off  Video  Amp 
Pulse  Generator 
Delay  Generator 
10  Me  Cut-Off  Video  Amp 
Transfer  Oec  9  Me  -  179  Me 
Transfer  Osc  I69  *  609  Me 
Transfer  Oec  479  -  1529  Me 
Transfer  Osc  1.479  -  10. 9  Kmc 
Noise  Generator 
CauLlbrated  Waveguide  Ant. 

Standard  Gain  Horn  Antenna 

Synchro  Transmitter/Ratio  Transformer 

Resistive  Load 

Inductive  Load 

Capacitive  Load 

Impedance  Meter 

Multimeter 

Time  Interval  &  Freq.  Meter 
Power  Meter  &  Reflectometer 
Wavemeter  (Absorption  type_ 

X  Bauid  Noise  Generator 
Waveform  Analyzer 
Spectrum  Analyzer 
Peak  Power  Meter 
Static  Pressure  Generator 
Thermocouple  Voltmeter 
Phase  Meter  (RF) 

Amplitude  Modulation  Det 
Power  Aupply  .1-39V  2.9A  DC 
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Racks  K-4A 


Figure  37  (contd) 

WRAMA  Airborne  Equipment  Survey 
Building  Block  Requirements 
(Contd) 


35  Power  Supply  22 -32V  2QA  DC 

36  Power  Supply  3O-50O  Vdc 

37  Power  Supply  500'6000  Vdc 

38  AC  Supply  ^♦•OO  cps  Pb&se  Ref 

39  AC  Suppl7  400  cps  l£-300V  7  eifl? 

40  AC  Supply  6.3V 

41  AC  Supp]^  30  cP* 

42  AC  Primary  Voltage  3  0 
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43  AlU  supply  600  to  1800  VAC 
(Hi  pot  tester) 
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A.C.  High  Pot  Supply 


Input  voltage  10^-125  VAC 

Input  frequency  35-^20  epi 

Output  range  600  VAC  ma  -  l800  VAC  rms 

Output  current  10  aa. 

Output  voltage  Increaanta  -  100  volts ^  prograoaable 
Output  voltage  accuracy  of  programed  value 

Short  circuit  protection  shall  he  provided. 


Prograiwsahle  Ratio  Tranaforaer 
Frequency  range  ^0  cps  -  2000  cps 

Naxlaua  Input  voltage  .35  f  (f  In  SP>)  350  V  aax.  above  1000  cps 
Resolution  1  part  In  2^^ 

Accuracy  0.01^ 

The  ratio  transfoner  replaces  the  prograaaable  synchro  transaltter 
previously  called  out.  The  precision  frequency  400  cps  2  phase  supply  require - 
aents  are  coablned  vlth  the  AC  supply,  hOO  cps  phase  referenced,  building  block 
previously  defined.  This  Is  reflected  In  the  specification  Included  In  the 
Appendix. 


-109- 


2.8.3  AN/A3B-4  Velocity  Integrator,  Range  Coordinate  Generator,  Longitude  Data 

Ccanputer  and  Heading  Error  Congniter 

These  units  are  similar  in  that  they  all  utilize  electromechanical 
positional  servos  as  computing  elements.  Mecheuaical  devices  such  as  gear  trains, 
clutches,  differentials  and  switching  cams  are  frequently  employed.  The  basic 
motor  generator,  synchro  and  control  transformer  circuits  are  identical  for  each 
unit.  Output  shafts  are  driven  so  as  to  mechanically  represent  the  coiiq)utatlonal 
problem  derived  from  two  or  more  variables.  The  output  shafts  generally  drive 
potentiometers,  nAiti  operated  switches  and  programming  switches.  The  majority  of 
dynamic  tests  on  the  above  "black  boxes"  are  as  follows: 

a.  Measurement  of  resistances 

b.  Measurement  of  servo  "nulling"  sensitivity 

c.  Measurement  of  motor  starting  voltage 

d.  Measurement  of  servo  follow  and  slewing  speed 

e.  Measurement  of  potentiometer  output  voltages 

f .  Check  of  switch  closure  continuity  and  timing 

There  are  no  major  problems  that  would  exclude  the  use  of  automatic  test 
equipment  for  these  tests .  Excellent  circuit  access  is  gained  via  the  main  connector 
plugs  on  tlie  front  panels.  The  stimuli  generator  and  response  measurement  devices 
are  straightforward  and  ainqjly  programmable.  A  question  was  raised  by  Shop  Foremen 
as  to  the  ability  of  Automatic  Test  Equipment  to  select  servo  motor  speed  of  adjustment 
resistor  values .  It  has  been  established  that  this  ftinctlon  is  entirely  practical  with 
little  or  no  equipment  outside  the  range  of  capabilities  of  that  specified  in  the  ATE 
study  for  DAAID.  A  brief  description  is  given  of  the  likely  techniques  of  such  a 
measurement . 

By  means cf*  photo  electric,  cam  operated  micro  switch,  or  electrical  signal 
output,  the  shaft  revolution  speed  is  measured  and  digitally  compared  to  tape  pro¬ 
grammed  limits.  A  Go  No-Oo  decision  is  automatically  made  on  the  test  result.  If 
the  unit  fails  to  meet  the  requirements,  the  resistor  controlling  motor  speed  is 
removed,  and  the  terminals  at  its  moxmting  place  are  connected  to  the  ATE.  These 
wires  will  actually  be  connected  to  the  programmable  resistive  load  xinlt.  The  ATE 
will  command  the  starting  of  the  servo-motor. 

The  digital  conqjarator  will  sense  the  direction  and  order  of  magnitude  of 
the  si)eed  error,  and  issue  programming  commands  to  the  resistive  load  unit.  These 
"commands"  will  effect  the  Insertion  of  a  resistance  value  that  will  cause  the  motor 
to  approach  the  tape  programmed  limits  of  sp)eed.  The  test  cycle  time  will  allow  for 
the  motor  to  achieve  constant  speed.  Two  or  three  cycles  ml^t  be  required  to  estab¬ 
lish  the  precise  optimum  resistance.  Such  a  system  would  also  be  capable  of  trinming 
the  motor  for  equal  speed  in  forward  and  reverse  directions,  and  in  adjustment  of 
anti-drift  resistors . 

Excessive  friction  in  the  seirvos  will  appear  as  abnormally  high  servo-motor 
starting  voltage.  Long  term  monitoring  of  switch  closures  may  best  be  handled  by 
meems  of  a  multi-channel  event-recorder.  This  would  indicate  exactly  which  switch 
missed  a  contact,  when  it  occurred,  and  the  number  of  times  it  occurred. 
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Some  manual  participation  may  be  required  In  the  testing  of  these 
computing  units.  In  spite  of  this  the  dynamic  test  time  will  be  drastically 
reduced  from  that  required  by  manual  testing.  At  this  time  It  la  not  possible 
to  accurately  state  the  automatic  test  tine,  but  as  a  rou^  guide  the  tine 
could  at  least  be  reduced  by  one  tenth. 

Some  of  these  units  require  considerable  mechanical  inspection,  cleaning, 
lubrication,  and  routine  adjustment.  Automatic  test  equlpaoent  Is  of  little 
assistance  In  these  tasks .  It  is  not  readily  apparent  from  the  technical  manuals 
how  much  time  is  required  to  perform  these  mechanical  tasks.  Consideration  must 
be  given  to  the  ratio  of  electrical  testing  time  to  mechanical  overhaul  time,  the 
greater  the  electrical  testing  time,  the  greater  the  advantage  of  automatic  check¬ 
out.  For  example,  If  the  mechanical  adjustments  take  ten  hours  and  the  electrical 
test  one  hour,  then  there  Is  little  to  be  gained  by  a  ten  to  one  reduction  In 
electrical  testing  time  since  the  total  time  required  Is  still  10  hours  and  six 
minutes .  However,  If  the  mechanical  adjustments  tedce  1  hour  and  the  electrical 
tests  ten  hours,  then  the  total  time  may  be  reduced  to  two  hours  by  automatic 
checkout . 


It  is  felt  that  a  considerable  increase  in  output  production  euad  reli¬ 
ability  may  be  obtained  from  the  application  of  automated  tests  to  the  computing 
elements  reviewed . 

2.8.1*-  AM/ASB-4  Radar  Receiver/Transmitter  Ifalt 

The  Receiver/Transmitter  unit  of  the  AN/ASB-4  system  generates  high  power, 
short  duration  pulses  of  X  band  RF  energy.  The  RF  energy  is  fed  directly  to  the 
antenna.  Signals  are  received  from  the  emtenna  from  radar  echos  and  beacons.  The 
R/T  unit  contains  the  necessary  superheterodyne  circuits,  D*  amplification,  and 
detection  to  provide  a  video  pulse  output  signal.  The  overhaul  of  an  R/T  unit 
consists  of  the  following  main  functional  checks. 

a.  Tuning  control  unit  checkout. 

b.  Riwer  oscillator  supply  voltage  and  current  measurements. 

c.  Power  oscillator  performance  at  high  and  low  line  voltage. 

d.  Peak  power  measurement. 

e .  IF  amplifier  beuidwidth . 

f.  AFC  discriminator  checlar. 

g.  VSWR  measurements. 

h.  Attenuation  measurements 

1.  Arc -over  checks. 
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Considerable  manual  participation  is  required  in  conducting  these  tests . 

A  reduction  in  this  participation  may  deteriorate  the  efficiency  of  component 
selection  sind  alignment  tasks.  The  precision  called  for  in  making  microwave 
measiirements  is  difficult  to  practicaUy  reproduce  in  automatle  equlpstent.  A 
thorou^  overhaul  of  em  R/T  unit  requires  almost  complete  dlsassenibly,  each  section 
of  waveguide  being  individually  examined  for  signs  of  arc-over  damage  and  electri¬ 
cally  checked  for  attenuation  and  VSWR.  The  modulator  pulse  transformer  is  housed 
in  a  container  filled  with  oil  of  high  dielectric  strength.  Extremely  high  voltage 
insulation  is  mandatory  in  this  unit.  These  containers  are  rigorously  checked  for 
leedcs  in  a  gaseous  leak  detector  facility,  then  ref illed  with  oil.  The  APC,  IF,  eind 
video  amplifiers  are  contained  in  subminiature  seaJ.ed  modules  with  no  accessible  test 
points.  These  items  are  cons Icfered  discardable  or  possibly  factory  repairable,  emd 
are  at  present,  very  quickly  checked  by  insertion  Into  a  semi-automatic  test  fixture. 

It  is  felt  that  little  advantage  is  to  be  gained  by  automating  the  testing 
of  the  R/T  unit.  The  actual  testing  time  is  a  small  part  of  the  total  overhaul  time  as 
dlsassambly, cleaning, and  assembly  are  relatively  time  consuming. 

2.8.5  A3A  Servo  Central  and  Computer  Central 

These  equipments  are  basically  alike  in  physical  design,  employing  similar 
modular  packaging.  Interconnection  system  and  overall  housing.  The  degree  of  access 
to  individual  modules  within  the  main  black  box  has  been  found  to  be  good.  This  is 
Inherent  due  to  the  fact  that  many  independent  functions  are  performed  by  these  units, 
these  functions  in  turn  driving  remote  equipment. 

It  is  therefore  felt  that  an  automatic  checkout  system  may  be  applied  to 
the  testing  of  the  Servo  Central  and  Computer  Central.  While  the  Servo  Central  con- 
lains  the  majority  of  the  servo  drive  amplifiers  and  some  servos,  the  Computer  Central 
contains  the  actual  emalog  confuting  servomechanisms.  Each  conputer  module  of  the 
Conputer  Central  has  a  window  throu^  which  the  computer  output  shaft  dial  reeuiing 
may  be  viewed.  The  test  operator  may  view  all  of  the  dials  in  a  Computer  Central  by 
withdrawing  the  main  chassis  from  its  case.  It  should  be  pointed  out  that  manual 
participation  is  required  for  the  calibration  adjustments  of  the  Conputer  Central. 

This  Involves  making  servo  adjustments  to  position  the  computer  dials  so  as  to  exactly 
indicate  parameters  consistent  with  known  stimuli  signals.  Such  operations  would  be 
integrated  with  automatic  tests  In  the  following  manner. 

When  the  automatic  test  program  reaches  a  point  at  which  a  calibration 
adjustment  is  required,  the  program  will  halt  and  an  instruction  indicated.  This 
instruction  may  be  either  a  number  on  a  digital  Indicator  from  which  the  calibration 
can  be  referenced  from  a  card,  or  a  directly  printed  Instruction  directly  showing  the 
calibration  value.  Upon  accomplishment  of  the  calibration,  the  operator  restarts  the 
program.  The  modules  have  good  accessibility  via  their  connector  plugs,  and  diagnostic 
testing  of  modules  by  means  of  automatic  equipoient  appears  favorable.  Many  of  the  tests 
outlined  for  the  servo  systems  of  the  AN/ASB-4  computer  units  are  valid  for  the  A3A 
computer  servos.  400  cycle  AC  voltage  and  phase  measurements,  null  and  friction  tests 
are  predominant. 

Considerable  mechanical  inspection  and  overhaul  is  still  necessary  for  the 
motor  generators,  synchros  and  gear  assemblies. 
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2.8.6  A3A.  Target  Position  Gonrputer  and  Pulse  Sweep  Generator 


The  Target  Position  Computer  contains  the  electronic  video  circuitry  used 
for  converting  RP  information  from  the  fire  control  radar  to  target/antenna  error 
signals  for  the  armament  con^mter.  The  Pulse  Sweep  Generator  contains  the  electronic 
circuity  necessary  to  produce  calibrated  CRT  Sweep  displays,  "nie  target  IF  anipllfler 
euad  detector  are  Included  in  this  xmit.  These  units  are  not  constructed  in  an  ideal 
modular  fashion,  and  therefore  do  not  permit  rapid  repair  by  plug  in  replacement 
modules.  The  equipment  is  coitq)rised  of  four  major  printed  circuit  decks  quadrantally 
mounted  in  the  circular  overall  housing.  These  decks  have  cables  with  plugs  inter¬ 
connecting  their  power  supply  and  low  Impedance  signals.  However,  considerable  inter¬ 
connections  are  made  to  each  deck  using  permanently  soldered  coeucial  cables .  These 
cables  connect  to  the  deck  exactly  at  the  appropriate  circuit  function  point.  In  the 
event  of  cheuaging  a  deck,  some  tedious  unsoldering  of  such  cables  is  necessary.  It 
is  therefore  desirable  to  troubleshoot  the  equipment  to  the  nearest  circuit  canqxment 
level  at  once. 

A  good  distribution  of  test  points  are  provided  by  means  of  which  a  fault 
may  be  located  to  the  circuit  function  level.  This  might  include  three  tube  stages 
of  circuitry.  These  tubes  may  then  be  removed  and  adapter  tube  bases  inserted  so 
that  the  pins  of  each  tube  may  be  monitored  for  further  flatilt  isolation.  It  may  be 
advantageous  to  insert  such  tube  socket  adapters  under  each  tube  prior  to  ccaanencement 
of  automatic  checking. 

Manual  participation  would  be  required  in  the  precise  adjustment  and  cali¬ 
bration  of  CRT  sweeps  and  markers .  There  is  no  reason  why  considerable  time  cannot  be 
saved  by  the  automation  of  checkout  of  these  units.  There  is  little  mechanical  main¬ 
tenance  and  adjustment  unlike  the  servo  mechanisms  previously  described. 

2.8.7  K-^A  Stabilization  Amplifier 

The  stabilization  amplifier  consists  of  16  modules  mounted  on  a  chassis 
which  forms  the  input/output  Junction  box  and  base  on  which  main  connectors  are 
moxanted.  Of  the  16  modules,  there  are  8  different  types.  The  nature  of  electronic 
circuitry  in  the  modules  is  somewhat  similar.  Vacuian  tube  push-pull  servo  power 
eunpliflers  are  predominant.  Good  accessibility  may  be  obtained  via  the  main  chassis 
connectors,  so  that  a  faulty  module  can  be  located  by  means  of  the  application  of 
automatic  checkout  to  the  whole  unit.  The  modules  also  lend  themselves  favorably  to 
automatic  testing  techniques .  Cables  and  relays  in  the  main  chassis  may  be  checked 
without  serious  problems.  A  little  mechemical  overhatil  work  is  called  for,  but  most 
of  the  total  overhaul  time  for  this  unit  is  taken  up  by  electronic  tests.  Maximum 
advEintage  in  time  saving  may  be  gained  by  the  automatic  testing  of  the  equipment  of 
this  type. 
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2.9  Overall  Automation  Impleaentatlon  Plan 


2.9.1  Summary 

This  section  describes  the  pertinent  phases  of  ATE  Implemen¬ 
tation.  Included  Is  a  schedule  of  building  block  deliveries  and  a  schedule 
of  ATE  implementation  for  black  boxes  and  modules  of  the  Mi/PiSC-3h,  A1I/ABC-96^ 
AN/ARC-65,  AN/ARN-21,  AN/APN-59>  AN/APS-42  and  M/ALT-6B  based  on  building 
block  availability.  A  maximum  Implementation  time  of  Id  months  Is  suggested 
as  consistent  with  current  engineering  developments  and  nractlce.  A  minimum 
Implementation  time  of  8  months  Is  given  for  some  black  boxes  and  modules. 

The  responsibilities  and  tasks  of  program  msuia^ment  are  presented, 
Including  system  detailed  design  efforts  needed,  building  block  subcontracting, 
liaison  with  DAAFD  and  support  activities. 

Specific  development  problems  In  spectrum  and  waveform  analyzer 
design  are  discussed.  These  areas  are  considered  the  most  dlfflctilt  for 
automation  due  to  the  large  number  of  manual  operations  used  with  corres¬ 
ponding  manual  equipment  and  because  autoauited  equivalent  devices  must 
duplicate  cathode  ray  tube  storage  and  presentation  functions. 

An  outline  of  training  requirements  for  depot  personnel  at  the 
maintenance,  operating,  programming  and  supervisory  levels  is  given.  This 
supplements  the  discussion  of  Section  2.6  which  describes  the  effects  of 
ATS  in  logistics  support  personnel.  Finally  the  Integration  phase  of  the 
program  is  discussed  in  terms  of  specific  tasks  to  be  perfomed  at  DAAFD  to 
Implement  the  system. 

2.9.2  OenersLl 


The  overall  automation  implementation  plan  must  provide  for  an 
orderly  and  efficient  Introduction  of  ATE  Into  the  depot.  This  plan  outlines 
a  feasible  delivery  schedule  for  the  ATE  building  blocks.  Based  on  pre¬ 
liminary  information  available,  theplan  also  presents  a  schedule  for  Intro¬ 
ducing  depot  inventory  Items  to  the  ATE  operation.  In  consideration  of  the 
magnitude  of  the  system  development  task  together  with  schedule  and  technical 
problems  anticipated,  a  program  manager  concept  Is  advocated  whereby  one 
contractor  has  primary  responsibility  under  DAAFD  for  the  design,  delivery  and 
Initial  operation  of  the  ATE.  It  Is  recomnended  that  this  program  manager 
slIso  design  those  building  blocks,  such  as  programmer  controller  and  switching, 
which  determined  the  system's  Inherent  flexibility  and  capability.  Other 
building  blocks  can  be  subcontracted  to  allow  participation  of  those  companies 
with  proven  experience  in  specific  design  areas. 

Substantial  development  work  is  needed  to  produce  the  programmable 
waveform  analyzer  and  spectrum  analyzers.  Design  effort  for  the  programmable 
oscillators  will  also  be  considerable.  However,  the  building  block  speci¬ 
fications  presented  are  considered  realizable  using  existing  techniques  and 
components . 
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2.9-2  (contd) 


The  overall  implementation  plan  must  also  provide  for  training 
at  various  levels  of  depot  personnel.  It  is  the  intent  of  this  plan  that 
the  depot  he  fully  capable  of  itha  ATE  operation  and  maintenance.  This  will 
require  in  addition  to  rellabie  equlpeiont  design  and  substantial  equipment 
self  check  capability  and  procedures  fsmiliarlzatlon  of  depot  personnel  with 
ATE  operation,  programming  and  maintenance . 

The  ATE  Implementation  plan  concludes  active  participation  of  the 
program  manager  with  an  integration  phase  in  vhlch  the  system  is  thoroughly 
demonstrated  and  tested  to  the  depot's  satisfaction.  This  is  also  a  period 
of  familiarization  when  depot  personnel  can  gradually  assume  operation  of  the 
system. 

2.9-3  Schedule  of  Building  Block  Delivery 

Figure  3®  is  an  estimated  schedule  of  building  block  deliveries 
expressed  in  terms  of  months  required  for  design,  fabrication  and  test  after 
award  of  contract.  The  building  blocks  are  broadly  classified  in  three 
categories  as  8,  12  or  l8  month  items.  An  eight  month  delivery  time  is 
suggested  for  those  items  where  comaerclal  equivalents  exist  or  reasonably 
similar  military  items  have  been  made.  Design  changes  rather  than  completely 
new  designs  or  complete  redesigns  are  expected  for  these  items,  with  the 
exception  of  basically  simple  items  such  as  programmable  loads  which  require 
new  design  that  can  be  completed  for  eight  month  end  item  delivery.  The 
twelve  month  items  are  those  requiring  some  new  design  and  techniques  or 
major  redesign  of  existing  equipment.  The  eighteen  month  Iteaui  are  those  re¬ 
quiring  considerable  new  design  and  those  items,  such  as  microwave  generators  and 
transfer  oscillators,  whose  requirements  for  frequency  accuracy  or  adaptibility 
to  remote  programming  are  not  available  in  ccamiercial  or  existing  military 
test  equipment. 
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FIGURE  38 

Schedule  of  Building  Block  Delivery 


Progrejumer  Controller  8 

Oscillator  0.1  cps  -  30  KD  8 

Oscillator  30  MC  -  UO  MC  8 

Oscillator  4o  MC  -  400  MC  12 

Oscillator  950  MC  -  1250  MC  l8 

Oscillator  8.5  KMC  -  12.4  KMC  l8 

100  MC  video  Amplifier  8 

Pulse  Generator  12 

Delay  Generator  8 

10  MC  Cut  O’f  Video  Amplifier  8 

Transfer  Oscillator  5  MC  -  175  MC  8 

Transfer  Oscillator  165  MC  -  605  MC  12 

Transfer  Oscillator  475  MC  -  1525  MC  I8 

Transfer  Oscillator  1.475  MC  -  12.4  KMC  I8 
Noise  Generator  12 

Oscillator  2.0  -  4.0  KMC  I8 

Oscillator  12.4  -  I8.0  KMC  18 

Synchro  Transmitter  Simulator 

(Ratio  Transfomer)  8 

Resistive  Load  8 

Inductive  Load  8 

Capacitive  Load  8 

Impedance  Meter  8 

Multimeter  8 

Time  Inte3*val  and  Frequency  Meter  8 

Power  Meter  &  Reflectometer  12 

Waveform  Analyzer  I8 

Spectrum  Anedyzer  L  Band  8 

1.2  KMC  -  12.4  KMC  I8 

Peak  Power  Meter  12 

Static  Pressure  Generator  8 

Spectrum  Analyzer  12.4  -  I8  KMC  I8 

Phase  Meter  12 

Amplitude  Modulation  Detector  8 

Power  Supply  0.1  V  -  35  VDC  8 

Power  Supply  22  -  32  VDC  8 

Power  Supply  30  -  500  VDC  8 

Power  Supply  500  -  600O  VDC  8 

AC  Supply  400  cps  Phase  Ref.  10 

AC  Supply  400  cps  8 

AC  Supply  6.3V  8 

AC  Supply  30  cps  8 

AC  primary  voltage  95V  -  I30  V  1  0  8 

io4v  -  130  V  3  0  8 

44  Transfer  Oscillator  12.4  -  18  KMC  I8 

45  Function  Generator  12 


months 
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2.9A 


Schedule  of  Automating  Black  Box  and  Module  Teats 


Of  the  fifteen  eyeteme  etudie'-'.  during  Phase  I  of  the  study,  it 
is  expected  that  the  following  systems  will  form  part  of  the  trial  ATE 
system  workload: 


All/AEC-3^ 
an/arc -58 
an/arc -65 

AN/ARN-21 

an/apn-59 

AN/APS-42 

an/alt-6b 

These  items  are  a  substsmtisl.  part  of  anticipated  depot  workload 
and  have  an  expected  inventory  life  of  5  "to  10  years.  They  also  represent 
a  good  sampling  of  equipment  in  the  depot  inventory.  Figure  39  is  a 
schedule  of  fully  automated  modiile  isolation  capability  and  Figure  40 
is  a  schedule  of  fully  autosiated  component  isolation  capability.  These 
schedules  are  based  on  the  building  block  availability  dates  of  section 
2>9<3*  In  addition,  it  is  expected  that  a  group  of  newer  airborne  systems 
will  also  form  part  of  the  ATE  work  load.  These  are; 

All/APN-69 
AN /ALT -13 
AN/ALT-15 
an/alt-i6 
AN/APN-113 

While  these  systems  have  not  been  studied  in  detail  it  is  expected 
that  fully  automated  test  capability  for  all  module  and  component  testing 
will  exist  eighteen  months  after  award  of  contract.  As  in  the  previous  case, 
capability  for  testing  of  some  \mits  ouch  as  power  supplies,  chassis  wiring, 
and  audio  or  low  frequency  circuits  will  exist  at  eight  months.  If  due  to  work 
load  demands,  an  accelerated  automatic  testing  capability  is  required,  two 
approaches  are  feasible.  One  is  to  use  the  ATE  for  all  resistance,  voltage 
and  low  frequency  measurements  starting  at  the  eight  month  date  and  using 
existing  mock  ups  and  manual  equipment  for  black  box  or  overall  system  tests  at 
benches  separated  from  the  automated  installation.  The  other  method  is  to 
Introduce  manual  microwave  generators,  transfer  oscillators  and  scope  into 
the  automated  setup  and  to  Increase  manual  participation  in  the  ATE  test 
routines ■  This  approach  appears  mostfeaslble  where  few  signal  generator 
adjustments  or  other  manual  operations  are  needed.  A  disadvantage  of  intro¬ 
ducing  manueO.  equipment  into  the  autosMited  setup  is  that  program  tapes  for 
such  an  interim  setup  would  require  seme  modifications  for  fully  automatic 
operation  when  the  other  building  blocks  were  available.  Using  the  first 
approach,  program  tapes  could  be  made  for  resistance,  continuity,  AC  and 
DC  voltage  tests.  These  comprise  about  eighty  percent  of  a  typical  automated 
module  test  and  sixty  percent  of  black  box  tests.  These  dynamic  test  tapes  would 
be  made  only  once  and  could  be  added  on  to  the  tapes  made  for  static  testing 
when  the  building  blocks  for  dynamic  testing  becasw  available. 
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FIGURE  39 

Schadule  of  Fully  Autcuated  Module  Isolation 


I 

I 

I 


Black  Box 

Trans.  T605/ARC-58 
Elect.  Control  Amp.  AM-853/APN-59 

an/arc -34 

Receiver  R761/ARC-58 
Ant.  Coupler  CU-523/ARC-58 
Ant.  Coupler  C-194o/ARC-58 
Power  Supply  PP-I533/ALT6B 

18  months  Recolver-XMTR  RT4oo/ARC-65 

RT-220/ARN-2I 

Receiver  XMTR  RT-289/APN-59 
Azimuth  &  Range  TP-239/APN-59 
Power  Supply  PP-1073/APN-59 
Azimuth  8e  Range  Ind.  IP-268/APN-59 
XMTR-Receiver  RT-275/APS-42 
Synchronizer  SN-59B/aPS-42 
XMTR  t608  alt  6b 


I 


Time  to  Implement 
8  months 


12  months 


j 
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Figure  40 


Schediile  of  Fully  Automated  Component  Isolation 


Time  to  Implement 
8  months 


12  months 


l8  months 


Module 

C -1057/arc -34 
CYI398  RT-263/ARC-34 
MD-198  RT-263/ARC-34 
CI256  RT-263/ARC-34 
MX1489  RT-263/ARC-34 
R568  RT-263/ARC-34 
All  modules  AN/ARC-58  except 
AMI529  R  761 

All  modules  AN/ARC-65  except 

AM775A  RT  400  and 
0  -  495  RT  400 
Power  Supply  RT-220/ARN-21 

Chassis 

PPI260  FT  289/APN-59 
PPT261  RT  289/APN-59 
MX  -1520  IP239/APN-59 
Chassis  "  " 

MXI935  PP  IO73/APN-59 

MX  1933 

MX  1934  "  " 

Chassis  AM-853/APN-59 
AR-1451  "  " 

AR-1452  "  " 

Azimuth  SN  59B/APS-42 

AM  868  RT-263/ARC-34 
R567 

AMI529  R761/ARC-58 
AM  775A  RT-400/ARC-65 
R.  F.  Osc.  RT  220/ARN-2I 

Chassis  RT  289/APN-59 

AN.  Unit  AS-2631/APN-59 

ANT.  Assembly  AS  4288/APS-42 

R.F.  Oscillators  ALT  6b 

0.495  RT  400/ARC-65 

Mod.  RT  220/ARN-2I 

Freq.  Mult.  RT  220/ARN-21 

IF  Amp. 

Video  Decoder"  " 

Range  Gate  "  " 

Azimuth  gate  RT  220/aRN-21 
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Figure  40  (contd) 


Module 


10  oonthB  (cont)  Azimuth  control  RT  220/ARN-21 

Pre  Selector  .  "  " 

CI596  RT-289/APN-59 
MX2101  RT-289/APN-59 
MXI516  IP239/APN-59 
MXI5IT  " 

MXI52I  " 

MXI522  "  " 

MXI519  " 

MXI518  " 

MXI513  " 

MXI932  PP-IO73/APN-59 
MXI936  PP-IO73/APII-59 
MRI525  IP-268/APN-59 

Azimuth  Range  IP-215/APS-42 

Mod.  RT-2757aPS-42 

AFC-  243  RT-275/APS-42 

Pwr.  Supply  PS-401  RT  275/APS-42 

Pre.  Amp.  AR-402 

I.F.  Amp.  AR-401 

Range  Mark  SN  59B/APS-42 

Sveep  Gen.  "  " 

Trig.  Gen.  " 

7730352G1  &  763136301  an/alt  6b 
77320^1  PP-1533/ALT  6b 
7732065GI  PP-1533/ALT  6b 
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2.9.5 


Program  Management 


A  program  manager  concept  li  considered  most  advantageous  to 
DAAPD  as  an  efficient  and  wsrkatle  means  of  conducting  this  ATE  program  suc¬ 
cessfully  through  all  Its  various  phases.  The  program  manager  will  have  the 
following  responsibilities : 

a.  System  detailed  design 

b.  Sub -contracting  of  building  blocks 

c .  Liaison  with  DAAPD 

d.  Support  activities 

2.9. 5.1  System  Detailed  Daalgn 

The  program  manager  will  be  In  the  best  position  to  asauM  personal 
design  responsibility  for  the  following  Items: 

a.  PrograamMr  Controller  design 

b.  Building  block  rack  design 

c.  Decoder  and  storage  design 

d.  Switching  units  design 

e .  Intercabllng 

f.  Tape  preparation  unit  or  code  converter  unit  design 

g.  Test  bench  design 

h.  Test  fixture  and  adapter  cable  design 

These  are  considered  to  be  closely  Interrelated  design  areas  call¬ 
ing  for  a  well  coordinated  design  effort  to  Insure  ccmplete  compatibility 
of  these  Items  In  the  completed  system. 

It  Is  recosBBended  that  the  program  manager  perform  design  work 
In  the  Programmer  Controller  and  switching  unit  areas.  These  axe  the  basic 
units  of  an  automated  setup  and  have  the  greatest  Influence  In  the  system's 
flexibility,  speed  and  utility.  Likewise,  address  decoders  and  buffer 
storage  units  for  message  or  command  Information  can  be  considered  as  direct 
extensions  of  the  p/c.  The  programming  format  adopted,  signal  levels  used, 
and  use  of  D.C.  levels  or  pulses  for  control  all  directly  affect  the  logical 
design  of  these  elements. 

The  program  manager  may  also  be  In  the  most  advantageous  position 
to  design  other  building  blocks.  These  may  Include  those  Items  whose  delivery 
Is  considered  critical  for  meeting  the  overall  schedule  or  those  which  po¬ 
tential  sub-contrau:tors  are  reluctant  to  bid  on  at  reasonable  cost  because 
of  performance  or  delivery  specifications,  or  the  particular  sub-contractor's 
workload  with  other  cuatoawrs 

Because  the  building  block  raw:k  design  and  Intercabllng  must 
accommodate  a  wide  variety  of  building  blocks,  the  program  manager  Is 
considered  to  be  In  the  best  position  for  their  detailed  specification  and 
design.  Tne  manager  will  have  further  responsibilities  of  meeting  overall 
system  radio  Interference  requirements  which  will  also  Influence  building 
block  rack  design.  Intercabllng  design  must  take  into  account  crosstalk  pro¬ 
blems,  noise,  switching  transients  and  Impedance  matching  as  well  as  allowing 
the  desired  capability  for  flexible  ATE  setup,  tear  down  auad  fail  safe  operation. 
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2. 9.5.1 


(contd) 


I 

I 

I 

I 

[ 


Any  tape  preparation  or  Code  Converter  unit  procured  as  part  of  the 
Initial  ATE  systea  must  primarily  he  esapatlhle  with  the  p/C  used  in  this 
Initial  Installation,  with  capability  for  processing  tapes  of  other  Pro- 
grasDser  Controllers  as  a  secondary  consideration.  However,  by  using  the  Code 
Converlar  specification  Included  with  this  report,  DAAFD  can  also  provide 
for  use  of  ether  existing  Pregraaner  Controllers  If  desired. 

Initial  ATE  teat  programs  with  their  rec^ulred  fixtures  and  adapter 
cables  should  also  be  made  by  the  program  manager.  Setting  up  these  first 
programs  will  be  an  excellent  way  for  the  program  manager  to  Judge  the  perfor¬ 
mance  of  the  system  and  of  all  the  building  blocks.  Any  obvious  deficiencies 
or  shortcoBilngs  of  the  imlts  will  be  readily  noted  and  corrected  before  In¬ 
stallation. 

It  Is  also  expected  that  test  bench  design  will  be  somewhat  of  an 
evolutionary  process,  changing  as  more  Inventory  Item  test  programs  are 
worked  out  In  order  to  arrive  at  optimum  conf Igxiratlons .  Any  such  design 
areas  subject  to  significant  change  are  considered  best  handled  directly  by 
the  program  manager. 

2. 9. 5. 2  Subcontracting  of  Building  Blocks 

A  substantial  amount  of  building  block  subcontracting  Is  antici¬ 
pated.  This  Is  consistent  with  Air  Force  philoso^^y  of  having  well  qualified 
subcontractors  design  those  building  blocks  directly  related  to  their  parti¬ 
cular  product  lines  or  specialties  and  with  the  project  schedule  requiring 
parallel  development  for  a  wide  variety  of  building  blocks. 

A  possible  subdivision  of  building  block  subcontracts  Isx 

a.  Power  supplies 

b .  Microwave  devices 

c.  Analog  to  digital  conversion  equlpsient 

d.  Miscellaneous  building  blocks 

Category  (a)  will  Include  both  A.C.  and  D.C.  power  supplies. 

Category  (b^  will  include  programmable  L,  5,  X  and  K  band  oscillators,  power 
measurement  units  and  possibly  spectrum  anailyzers.  Categozy  (c)  will  Include 
voltage,  frequency  and  Impedance  measuring  devices.  Category  (d)  will  In¬ 
clude  remaining  building  blocks.  It  may  be  advantageous  to  subcontract 
complementary  units  together  to  the  same  vendor,  such  as  X  band  signal  genera¬ 
tor  and  transfer  oscillator.  Less  design  effort  duplication  should  result  and 
simultaneous  delivery  of  complementary  units  would  be  more  probable.  In 
general,  both  would  be  needed  for  a  particular  bleusk  box  or  module  test 
sequence . 
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2.9-5>3  Liaison  with  DAAFD 


This  discussion  pertains  to  the  DAAFD  -  program  manager  relation¬ 
ship  during  the  period  from  avard  of  contract  tohardvare  delivery.  As 
part  of  the  liaison  effort,  the  program  manager  will  he  expected  to  furnish 
In  addition  to  these  reports  required  by  the  applicable  mllltazy  speci¬ 
fications  : 

a.  Schedules 

b .  Progress  letters 

c.  Hecomnended  building  block  specification  changes 

As  soon  as  LAAFD  has  a  flzn  listing  of  Inventory  Items  for  the 
Initial  ATE  Installation,  the  quantities  of  building  blocks  required  should 
be  determined.  Althouj^  single  quantities  should  suffice  for  most  signal 
generators  and  measurements  units,  quantities  of  two  to  four  each  of  the 
various  A.C.  and  D.C.  pover  supplies  and  loads  will  be  needed. 

It  Is  expected  that  DAAFD  will  furnish  the  program  manager  with 
the  following  information: 

a.  Firm  listing  of  Inventory  Items  to  be  checked  out,  with  priority 

assignments . 

b.  List  of  GFE  accessories  for  use  at  the  depot  and  for  loan  to  program 
manager  for  system  tests  prior  to  arrival  of  equipment  at  Dayton. 

Other  liaison  tasks  such  as  training  schedules,  suitable  acceptance 
tests  and  participation  of  DAAFD  personnel  and  services  In  the  Integration 
effort  must  be  worked  out  Jointly. 

2.9*5-*+  Support  Activities 

The  program  meuiager  stust  be  able  to  provide  necessary  support 
activities  during  the  Integration  phase  and  afterwards,  when  DAAFD  alone  Is 
operating  the  ATE  system. 

These  Include : 

a.  Spare  parts  support 

b.  Field  service  support 

c .  Programming  services 
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2. 9. 5. 4  (contd) 


Spare  parts  are  needed  as  part  of  the  Initial  prograa.  Once  the 
systea  is  Installed  at  Dayton,  it  should  he  capable  of  nennal,  continuous 
operation  to  start  saortizlng  the  ATE  cost  and  to  generate  new  Inforaatloii 
such  as  ATE  work  standards.  Just  as  important  are  first  impressions  created 
by  a  new  and  cosplex  systea.  Miniaxia  down  time  will  create  confidence  in  the 
equipewnt  and  ease  the  task  of  properly  orienting  shop  personnel. 

Apart  from  inherent  equipment  reliability,  the  depth  of  spare  parts 
provisioning  recosnsended  will  depend  on  the  extent  of  depot  maintenance 
personnel  training  and  on  the  self  cheek  capabilities  built  into  the  system. 
If  there  is  only  a  minimum  of  depot  personnel  training  and  ATE  self  cheek 
capability,  this  will  result  in  the  need  for  replacement  parts  at  the  drawer 
or  building  block  level  or  need  for  factory  service  rather  than  aalntenance 
at  the  depot  by  replacement  of  small  modular  assemblies  such  as  plug  in 
cards.  The  original  spare  parts  provisioning  list  nay  be  modified  as  a 
result  of  failure  records  kept  during  the  integration  phase  and  initial 
operations.  The  same  considerations  hold  true  for  potential  field  service 
needs.  Sound  equipaent  design,  adequate  depot  aiaintenwce  personnel  train¬ 
ing  and  comprehensive  self  cheek  capability  will  reduce  to  a  minimum  the  need 
for  field  service  support  after  ATE  Impleswntation.  However,  should  field 
service  be  needed,  the  program  sminager  must  be  capable  of  prompt  response  to 
the  depot's  request. 

Programming  service  is  also  considered  as  a  support  activity. 

In  this  area,  DAAFD  can  become  self  supporting  by  training  its  own  personnel 
in  equipment  analysis  techniques  and  by  procurement  of  a  suitable  tape  prep¬ 
aration  unit.  As  mentioned  in  Section  2.2,  Code  Converter,  the  enclosed  CMe 
converter  tape  preparation  unit  specification  can  be  easily  modified  to  jn- 
clude  programming  capabilities  for  the  P/c  specified  in  this  report. 

2. 9'^'  PevelopemenT, 

The  schedxile  for  delivery  of  the  building  blocks  anticipates 
several  problem  areas  in  develoTBOnt  engineering.  The  two  most  troublesome 
areas  are  considered  to  be  the  automated  spectrum  and  waveform  analyzers 
due  to: 

a.  Number  of  manual  controls  and  adjustments  found  in  comparable  sunusd 
equipment . 

b. .  Utilization  of  cathode  ray  tubes  in  manual  equipment  resulting  in  high 

storage  and  display  capacities. 
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2. 9*6.1  Spectrum  Analy2er 

Use  of  a  manual  speetrxmi  analyzer  Involves  the  following  operations 
for  the  most  satisfactory  spectrum  display. 

a.  Tuning  spectrum  analyzer  receiver  In  region  of  desired  spectrum, 
h.  Adjusting  Input  attenuation  to  correct  setting. 

c.  Selecting  optimum  dispersion  or  sweep  frequency  range. 

d.  Selecting  optimum  sweep  rate. 

e.  Oscilloscope  adjustments  (intensity,  focus,  centering). 

There  Is  a  definite  problem  In  signal  acquisition,  requiring  seme 
trial  Input  attenuator  settings  and  tuning  the  receiver  over  the  band  wherein 
the  expected  signal  should  fall.  Using  the  widest  dispersion  Initially  Is  an 
aid  In  acquisition,  but  once  the  signal  Is  acquired,  tuning  Is  varied  to 
center  the  spectrum  on  the  scope  display  and  at  the  same  time  narrower  dis¬ 
persions  are  selected  to  give  the  best  spectral  display.  A  dispersion  change 
of  say  50  Me  to  10  Me  may  result  In  loss  of  spectrum  If  the  receiver  was  tuned 
greater  than  10  Me  fren  the  Input  signal. 

In  the  automated  spectrum  analysis  It  Is  recommended  that  first  of 
all  a  frequency  measurement  be  made  using  the  prograamable  transfer  oscil¬ 
lators.  This  Information  can  be  used  to  set  the  spectrum  anadyzer  local 
oscillator  close  to  signal  frequency.  Ideally  the  programmable  spectrum 
analyzer  receiver  would  be  set  at  signal  frequency  -  1/2  dispersion  to 
effectively  center  the  Input  spectrum  over  the  frequency  sweep  range.  The 
programmable  spectrum  analyzer  Input  attenuator  would  have  been  previously 
programmed  for  the  required  attenuation  setting,  which  would  be  determined 
when  the  test  program  was  assembled.  The  programmed  sweep  rate  will  depend 
upon  the  measurement  and  recording  technique  used.  Neglecting  limit  compari¬ 
son  for  the  moment,  consider  the  spectrum  analyzer  output  routed  to  the  analog 
to  digital  converter  In  the  ATE  system.  Also  consider  use  of  a  ten  line  per 
second  printer.  If  direct  printout  of  various  spectral  points  were  desired, 
a  0.1  sweep  per  second  rate  will  result  in  100  spectral  point  printouts.  If  a 
10  Me  dispersion  were  used  these  printouts  occur  at  approximately  100  Kc 
increments . 

It  is  exi)ected  that  storage  and  sampling  will  be  needed  in  this 
type  of  analog  method  to  permit  useable  volte^je  readings  at  various  spectral 
points.  Otherwise  for  low  piilse  repetition  frequencies  and  higher  sweep 
rates,  the  energy  available  for  operating  a  measurement  device  becomes  less 
as  fewer  input  pulses  occur  over  the  conversion  or  sampling  time.  In  other 
words,  a  substitute  for  the  storage  effect  of  a  OPT  screen's  persistence 
and  operator's  optical  persistence  Is  needed. 

The  L  band  spectrum  analyzer  specified  calls  out  discrete  crystal 
controlled  frequency  points  rather  than  an  actual  frequency  sweep.  This  is 
due  to  the  TACAN  pulse  and  spectrum  characterlsltcs  required  which  are  more 
exacting  than  those  for  a  radar  or  an  IFF  pulse.  Also,  because  TACAN  trans¬ 
mitters  are  crystal  controlled,  there  Is  no  severe  problem  in  signal 
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acquisition  for  the  spectrum  analyzer.  Measurements  at  fixed  frequency 
points  allows  sampling  over  any  ntunber  of  transmitter  pulses  and  an  energy 
store^e  problem  here  does  not  beecne  troublesome. 

2. 9.6. 2  Waveform  Analyzer 

Investigation  of  the  Waveform  Analyzer  or  more  correctly,  waveform 
measuring  unit,  indicates  that  this  device  may  be  required  to  measure: 

a.  Pulse  width 

b .  Pulse  amplitude 

c .  Else  time 

d.  Decay  time  or  fall  tine 

e .  Overshoot 

f.  Amplitude  droop 

A  read-out  in  digital  form  is  required  for  each  of  these  character¬ 
istics  with  a  measurement  accurawjy  in  the  order  of  1^  to  3^. 

For  pulses  of  durations  of  1  usee  or  more  the  first  two  character¬ 
istics  can  be  measured  with  a  conventional  counter  emd  a  pulse  amplitude 
averaging  circuit. 

For  rise  and  decay  or  fall  times  two  methods  have  been  proposed: 

a.  Differentiate  the  waveform  with  a  short  EC  time  constant  and  apply  the 
resultant  output  to  a  "sample  and  hold"  circuit  for  subsequent  discrete 
amplifications  and  ADC-  This  approach  is  almost  useless  as  the  output 
is  a  function  of  the  rise  emd  decay  wave  shape  and  these  are  seldom 
linear  functions. 

b.  Average  a  number  of  the  pulses  to  obtain  a  DC  level  equal  to  the  maximum 
amplitude  of  the  pulse  and  use  this  in  analog  compeuator  circuits  to 
detect  the  0.1  and  0.9  levels  of  rise  and  decay  of  the  pulse.  The  time 
interval  between  the  0.1  comparator  trigger  and  0.9  comparator  trigger  is 
measured  by  the  counter.  Logic  is  required  to  achieve  the  correct 
answer  for  positive  and  negative  going  pulses.  This  method  appears  to 
have  promise.  Overshoot  is  somewhat  more  difficult  but  perhaps  an  analog 
comparator  could  detect  the  amplitude  above  the  DC  level  proportional 

to  pulse  amplitude  and  the  zero  base  line. 

The  measurement  of  maximum  amplitude  droop  will  require  further  study. 
As  overshoot  and  droop  are  not  often  specified  for  typical  Air  Force  black  boxes 
and  modules,  the  waveform  analyzer  specification  does  not  Include  their 
measurement.  An  additional  problem  is  that  these  characteristics  as  seen  by  a 
measuring  device  also  depend  on  impedance  matching  between  meuurement  device 
and  the  unit  under  test. 
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For  pulses  below  1.0  usee  in  duration  with  rise  times  in  the  order 
of  nano  seconds  these  characteristics  can  be  accurately  measured  only  by 
unconventional  counters  or  by  using  sampling  techniques.  Both  of  these 
possibilities  are  very  much  "state  of  the  art"  although  excellent  oscillo¬ 
scopes  are  becoamlng  available  for  these  measurements.  These  state  of  the 
art  techniques  appear  feasible  unless  the  waveshape  degrades  severely  i.e. 
no  longer  a  pulse^  in  this  case  all  the  measurements  and  their  accuracies 
will  be  affected  and  for  this  reason  all  answers  will  be  suspect  without  an 
optical  cross-check. 

One  final  problem  is  the  requirement  of  precise  triggering  as  this 
can  be  quite  troublesome  even  in  a  conventional  scope,  especially  if  pulse 
width  or  PRF  Jitter  exists. 

2.9-7  Training 

The  ultimate  success  of  the  ATE  insteLLlation  will  depend  upon 
thorough  training  of  all  Asps*  personnel  concerned  with  this  Installation. 

Bach  type  of  JipK  personnel,  whether  supervisory,  operating,  maintenance  or 
engineering  should  receive  adequate  instruction  in  pertinent  phsises  of  ATE 
operation.  These  phases  are:  , 

I  ! 

A  1.  ATE  application. 

0  2.  Prime  equipment  analysis  techniques 
Fixture  and  cable  engineering 
-  .  Programming 

5-  ate  operating  procedures 
■  6.  ate  maintenance 

ATE  application  should  be  familiar  to  all  supervisory  and  managerial 
personnel  directly  related  to  the  repair  operation.  The>|[(  pmapA* 

should  know  precisely  what  kind  of  equipment  they  are  getting,  what  its 
potential  is  in  terms  of  testing  capability,  and  the  general  problems  as¬ 
sociated  with  automating  the  testing  of  a  black  box  or  module.  This  general 
knowledge  of  the  installation  will  result  in  more  effective  use  of  the  ATE. 

3'  "-■* - -|-ilTTmi-i-  -mil  I '' j I1 1 1I  *  i  TniT'ijiiiin  liiiiii  linn  l^niii  rllml  fcii  iaSsil 

rsonnel  can  study  «iM 

examples  of  equipment  analysis  and  apply  similar  techniques  to  inventory  items 
as  they  are  added  to  the  ATE  workload.  It  is  recomnended  that  prime  equip¬ 
ment  analysis  be  performed  by  personnel  in  an  engineering  classification  as 
determination  of  suitable  ATE  test  routines  and  establishing  limits  will 
require  sound  engineering  judgement. 

^rsonnel  can  also  work  with  contractor  personnel  during  the 
integration  phase  of  ATE  implementation  to  study  the  ATE  routines  used  for 
the  initial  workload.  ThelfWhBpafc  can  also  specify  that  a  particular  ATE 
routine  or  routines  be  worked  out  as  a  Joint  effort  with  ^^prt  p>ersonnel  dur¬ 
ing  this  integtation  phase. 
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It  Is  recoomende^that  test  fixtures  and  cables  for  a  number  of 
blank  boxes  and  mod^Iles  be^mlshed  as  part  of  the  Initial  ATE  implementation. 
This  is  consistent  with  the  aoncept  of  assigning  acontractor  responsibility 
for  a  completely  Integrated  and  workable  system^XThese  fixtures  euid  adapters 
ceua  be  used  as  models  by  depot  ^rsonnel  in^Jrfle  design  and  fabrication  of  such 
units  for  other  inventory  items.  NJt  is  exacted  that  each  fixture  will  in¬ 
corporate  a  small  amount  of  clrculrry^,,.e<ich  as  RF  or  peak  detectors  and  pre¬ 
cision  isolation  resistors.  CablM^^edll  require  appropriate  usage  of  shielded 
and  coaxial  conductors.  These/^^siurations  are  needed  to  maintain  measure¬ 
ment  accuracy  and  to  prevent^/iBMt  set-upSlnduced  errors  due  to  fixture  loading 
and  cable  cross  coupling ailfi  loading.  Depbt  personnel  must  be  given  adequate 
opport.unity  to  learn  suen  ATE  implementatioir^echnlques  and  can  be  indoctrin¬ 
ated  in  them  during  tHe  integration  phase. 

Programming  is  also  an  area  definitely  requiring  personnel  training. 

It  is  recommended  that  a  tape  progrm  preparation  unit  be  procured  which  can 
be  operated  by  personnel  with  a  minimum  of  programming  experience.  Such  a 
unit  can  be  of  the  code  converting  type,^^  described  in  this  report  or  the  same 
unit  leas  some  particular  decoders  and  ^coders.  In  any  event,  a  keyboard 
employing  English  language  key  labels  (subh  as  type  measurement,  range,  test 
point  number,  etc . , )  is  preferred  to  a  unit  requiring  translation  of  conanands 
to  binary  codes. 

Operation  of  the  ATE  system  will  also  require  training  of  per¬ 

sonnel.  This  is  not  expected  to  be  a  major  area  for  training  but  will  require 
some  degree  of  indoctrination.  Actual  operating  controls  should  be  few  in 
number  and  easily  understood.  Displays  will  be  direct  reading  and  require  no 
scaling  or  Interpretation.  Other  aspects  of  instruction  will  cover  tape  load¬ 
ing,  splicing,  tape  search,  and  building  block  set  up  and  tear  down.  Training 
in  calibration  procedures  will  also  be  needed.  While  a  calibration  check  can  be 
easily  automated,  calibration  adjustment  will  probably  be  done  manually. 

'  ^  Training  in  ATE  maintenance  will  be  required.  The  ATE  will  include 

self  check  and  fault  isolation  capability.  However,  personnel  must  still  be 
trained  to  use  these  maintainability  features  to  fullest  advsintage.  Instruction 
in  theory  of  operation  of  the  various  building  blocks  and  units  is  needed  for 
self  check  features  to  be  fully  utilized.  While  the  contractor  will  probably 
b^  expected  to  furnish  tester  verification  tapes,  these  cannot  be  com¬ 
prehensive  enough  to  unambiguously  pin  point  all  malfunctions  in  a  newly 
designed,  complex  ATE  system.  After  a  period  of  operation  improved  self  test 
tapes  should  be  made.  Incorporating  all  that  has  been  learned  of  the  ATE 
system's  behavior.  Sound  training  of  operating  and  maintenance  personnel  is 
mandatory  in  orde^-  to  instill  confidence  initially  in  the  ATE  results.  Other¬ 
wise  dmpmt  personnel  will  be  prone  to  condemn  the  ATE  should  its  test  results 
differ  from  those  realized  by  manual,  methods  on  the  same  unit  under  test. 
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By  integration  is  meant  the  task  of  setting  up  the  ATS  installation 
at  MAFD  and  performing  all  tsisks  needed  to  arrive  at  the  point  of  carrying 
out  depot  automated  repair  operations.  Integration  will  Include  these 
tasks : 

a.  Uncrating  and  physical  Inspection  of  all  building  blocks,  benches  and 
cables . 

b.  Set  up  and  interconnection  of  the  ATE  system. 

c.  Checkout  of  the  system  using  self  test  tapes  and  calibration  chekk  tapes. 

d.  Recalibration  of  units  as  required. 

e.  Demonstration  of  system  operation  by  ATE  checkout  of  previously 
detamlned  inventory  items. 

f .  Indoctrination  and  training  of  DAPD  personnel. 

In  order  to  have  the  ATE  system  in  operation  at  the  earliest  date, 
DAAFD  should  specify  at  the  award  of  contract,  a  niunber  of  items  for  automated 
checkout  by  the  system.  Preparation  of  tapes  and  fabrication  of  adapters  and 
fixtures  can  then  proceed  in  parallel  with  building  block  fabrication.  In 
this  manner,  a  minimum  number  of  contractor  personnel  will  be  required  at 
DAAF'D  for  integration  and  the  automated  system  can  start  perfoiming  useful 
work  in  three  or  four  weeks  after  arrival  at  DAAFD.  Other  inventory  units  can 
also  be  analyzed  at  DAAFD  during  setup  of  the  ATE  system  to  train  personnel  in 
automated  test  procedures  as  mentioned  previously. 

It  is  anticipated  that  the  ATE  installation  will  first  be  set  up  at 
the  program  manager's  facility  to  insure  that  system  performemce  will  be 
satisfactory  later  on  at  the  depot.  These  contractor  tests  can  be  conducted 
using  inventory  units  on  loan  from  DAAFD.  This  GFE  must  be  in  the  contractor's 
possession  if  any  test  programs,  fixtures  euid  adapter  cables  are  to  be  made 
up  before  AIE  shipment  to  the  depot. 

An  additional  task  which  can  be  considered  part  of  the  integration 
phase  Is  finalization  of  building  block  specifications.  This  can  be  intel¬ 
ligently  done  only  after  the  trial  ATE  system  is  applied  to  a  number  of  in¬ 
ventory  items  although  some  information  for  changes  will  become  available  as 
soon  as  the  AIF  system  is  put  into  operation. 
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3.1  Versatility  of  ReeoiimenAed  Sytea 

The  prime  objective  of  the  automatic  test  e^ipment  studies  performed  under 
Air  Force  Contracts  AP-33(6o4) -28541  and  AP-33(  ) -32036  vas  to  determine 

the  feasibility  and  the  detail  requirements  of  a  versatile  autciaatlc  test 
system.  A  requirement  of  the  system  1#  the  capability  of  autaaatically  perform¬ 
ing  measurements^  test^  and  faxilt  isolation  on  electronic  systems.  Hoffraver,  it 
is  to  do  this  by  means  of  a  method  that  is  not  subject  to  obsolesence  as  is 
characteristic  of  most  present  approaches  to  the  testing  problem,  such  as  the 
special  purpose  adapter  approach. 

It  was  desired  by  DAAFD  to  define,  a  reliable  system  which  by  its  very 
nature  would  prevent  obsolesence  as  new  electronic  systems  were  added  to  the 
repair  Inventory.  The  solution  presented  in  this  report  meets  these  require¬ 
ments.  The  list  of  building  blocks  and  the  programmer  controller  as  presented 
are  considered  to  be  capable  of  testing  80  percent  of  electronic  systeau  present 
in  the  Air  Force  inventory.  The  very  nature  of  the  approach  to  the  solution  of 
the  problem  makes  this  possible.  The  reasons  for  the  8C^  estimate  instead  of 
100^  is  the  fact  that  all  electronic  systems  the  Air  Force  now  has  on  hand  were 
not  studied.  It  is  expected  that  building  blocks  covering  the  remaining  r.f . 
frequency  bands  will  be  required  in  the  future.  Other  stimulus  requirements 
will  also  be  found  in  the  future.  The. approach  to  the  design  requirements  of  the 
stimulus  generator  also  insures  the  versatility  of  the  system.  Ea«h  building 
block  has  been  considered  as  a  general. purpose  Instrument.  Consideration  vas 
given  to  both  the  requirements  of  the  unit  as  per  the  data  obtained  from  the 
study  and  the  present  state  of  the  art. in  the  design  of  the  equipment.  The  re¬ 
quirements  for  these  instruments  have  been  chosen  to  permit  the  longest  useful 
life  possible.  Also,  sub  much  as  possible,  anticipated  future  requirements  for 
the  unit  have  been  "built  in"  within  the  limits  of  the  state  of  the  art. 

The  building  block  approach  has  the  added  advantage  of  modular  construction. 
Obsolesence  of  a  module  or  building. block  does  not  obsolete  the  complete  system. 

For  example  an  advance  in  the  method  of  designing  dlgitail  multimeters  to  greater 
accuracies  simply  implies  the  interchange  of  the  never  auid  more  accurate  model 
for  the  older  one.  Therefore,  the  system  as  described  in  this  report  need  not 
suffer  from  standardization  with  its  implications  of  limited  use  as  time  intro¬ 
duces  new  testing  requirements.  The  system  described  has  the  capability  of 
growth  and  change  within  a  resdlstlc  econcmlc  environment.  The  Introduction  of 
the  many  programmable  stimulus  and  response  generators  (building  blocks)  will 
serve  another  Important  purpose.  Once. established  and  put  in  use  they  will  serve 
as  an  impetus  to  the  electronics  industry  to  advance  the  state  of  the  art.  More 
accurate  and  more  versatile  building  blocks  will  be  made  by  the  various  electronics 
manufacturers  specializing  in  the  various  areas.  Meuurement  techniques  will  be 
Improved  upon  in  the  ccmpetitive  effort  by  the  various  manufacturers  to  sell  the 
measurement  and  signal  generating  devices  (building  blocks).  This  is  made 
possible  since  a  manufacturer  of  the  various  building  blocks  need  net  be  a  large 
automatic  test  system  manufact^lrer  due  to  the  recommended  design  of  the  equip¬ 
ment.  The  system  fits  veil  into  the  depot's  manner  of  procurement  and  the  Air 
Force  will  have  many  suppliers  to  choose  from  since  they  will  not  be  limited  in 
their  choice  to  the  larger  electronic  manufacturers . 
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The  dlscuaslon  has  been  limited  to  the  building  block  aspect  of  the  auto¬ 
matic  test  system  and  Its  built -In  versatility  due  to  the  approach  to  the 
solution  and  the  physical  nature  of  electronic  system  requirements.  A  further 
consideration  of  the  system  Is  the  design  approach.  The  approach  presented  In 
this  final  report  under  Section  2.1,  General  Purpose  Automatic  Test  System  Re¬ 
quirements,  has  been  tested  as  to  Its  applicability  for  use  with  the  peripheral 
devices  necesseiry  In  operating  sui  automatic  depot  facility.  The  system  as 
defined  herein  has  the  capability  to  be  tied  in  with  computation  devices  for 
uses  ranging  from  the  computation  of  problems  relevent  to  fault  isolation  to 
the  computation  of  logistics  data  necessau^  for  supporting  a  repair  activity. 


3.2  Validity  of  Approach  to  Automation 


Electronic  equipments  are  now  and  have  been  serviced  vlthmanually  operated 
test  Instruments.  From  this  approach  checkout  of  electronic  systems  progressed 
Into  automatic  and  semi-automatic  test  equipment  which,  in  reality,  made  the 
above  manually  operated  test  Instnunents  programmable  by  some  controlling 
equipment  to  perform  some  test  functions  automatlcadly  and  some  test  functions 
semi -automatically.  Special  purpose  test  sets  comprised  partly  of  special 
purpose  stimulus  generators,  response  monitors  and  adapters,  which  may  or  may 
not  have  contained  parts  of  the  system  under  test  were  or  are  being  developed. 
This  special  purpose  Automatic  Test  Equipment  performs  its  function  for  unique 
systems,  or  parts  of  systems, but  becomes  obsolete  when  that  system  is  obsoleted. 
Several  operational,  or  in  the  development  stage  systems,  such  as  those  for  the 
B-38  Hustler  Boniber,  Atlas  and  Titan  ICBM's  and  Polaris  Missile  are  utilizing 
special  purpose  ATE. 


Use  of  Automatic  Test  Equipment  in  a  depot  facility  which  is  responsible  for 
fflsuiy  different  types  of  systems  presents  two  additional  problems  to  those  en¬ 
countered  in  the  above  listed  systems.  The  ATE  must  be  versatile  auid  flexible 
to  service  many  types  of  black  boxes  of  many  different  present  and  future  systems. 
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and  only  a  minimum  quantity  of  hardware  (such  as  interconnecting  cables  and 
adapters)  can  he  ohsoleted  when  automatically  serviced  end  items  are  removed 
from  the  Air  Force  inventory.  This  requirement  for  a  General  Purpose  Auto¬ 
matic  Test  System  led  to  a  building  block  concept  as  presented  in  this  report 
and  to  time  sharing  of  these  building  blocks  to  permit  maximum  utilization 
of  hardware  by  negating  zero  output  capability  during  end  item  hook-up  and 
tear-down  time. 

Much  effort  has  been  expanded  in  studying  problem  area  of  development, 
installation  and  operation  of  a  General  Purpose  Automatic  Test  System.  Detailed 
plans  and  specifications  for  a  prototype  installation  for  servicing  end  items 
at  the  depot  level  of  maintenance  have  been  developed.  Representative  work¬ 
loads  of  MOAMA,  WRAMA,  and  USAP  Security  Services  have  or  are  in  the  process 
of  being  surveyed  to  determine  any  auidltional  specifications  for  GPATS  which 
are  not  required  by  DAAFD  at  the  present  time.  To  date,  79  black  boxes  and 
477  modules  have  been  analyzed. 

Emphasis  has  been  placed  on  peripheral  equipment  to  perform  functions  for  GPATS 
to  reduce  not  only  the  GPATS  operator  decisions  and  labor  but  also  to  minimize  the 
problems  of  integration  with  the  functions  for  the  Materiel  Repair  System  (MRS) 
now  being  used  by  Air  Force  Depots  for  end  item  production  and  to  maximize 
operational  efficiency  and  information  outputs  of  the  test  system. 

The  recommended  approach  necessitates  an  initial  development  cost.  Study 
indicates  that  labor  and  Indirect  savings  added  to  test  equipment  hardware 
savings,  with  a  shorter  lead  time  after  continued  applications  of  GPATS  to  exist¬ 
ing  and  future  depot  workloads,  amortize  the  development  cost  in  a  few  years. 
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3*3  Review  of  Fined  Engineering  Report  on  Automatic  Test  Equltanent  Study  for  DAAFD 


Several  of  the  reaults  and  conclusions  presented  in  Final  Engineering  Report 
on  Automatic  Test  Equipment  Study  for  DAAFD  have  "been  expanded,  or  slightly  modified 
during  this  study  program.  They  are  reviewed  and  discussed  in  this  section. 

1.  Three  different  test  philosophies  were  analyzed,  and  one,  the  recommended  test 
system,  was  chosen  because  of  its  long-term  econcmic  advantage  over  the  other 
two  discussed  approaches.  This  consists  of  a  time-shared  Programmer-Controller 
operating  with  building  blocks  and  several  test  benches.  However,  the  building 
blocks  were  associated  only  with  that  test  bench  where  they  were  being  utilized. 
During  this  study  effort,  the  possibility  of  time  sharing  some  of  the  assembled 
building  blocks  with  all  of  the  test  benches  associated  with  a  Programmer- 
Controller  was  investigated  and  found  to  be  feasible.  Thus,  the  quantity  of 
most  of  the  building  blocks  required  by  any  depot  is  reduced,  and  this  reduced 
quantity  requirement  results  in  reduced  procurement  expenditures. 

By  adjusting  the  types  of  building  blocks  assembled  at  the  test  station,  both 
the  isolation  of  a  defective  module  of  a  black  box  and  the  isolation  of  a 
defective  piece  part  of  a  module  cem  be  performed.  These  steps  are  not  neces¬ 
sarily  performed  simultaneously,  or  even  sequent iedly,  as  the  scheduling  of  end 
items  for  GPATS,  Section 2. 6.4.1  of  this  report,  is  not  based  on  performing  slII 
steps  to  completely  repair  all  black  boxes  of  a  system  and  all  modules  of  a  black 
box  at  one  time,  or  in  any  given  sequence. 

It  was  determined  that  defective  modules  are  more  economically  serviced  if  both 
static  and  dynamic  test  capabilities  are  present  at  the  same  test  station  and  are 
utilized.  Of  course,  the  module  being  considered  must  require  dynamic  testing  to 
completely  service  it . 

Figure  4l  is  a  reprint  of  the  Recommended  Maintenance  Flow  Diagram  showing 
the  System  (Black  Box)  Test  Station  where  defective  module  isolation  and  black 
box  check-out  (final  performance)  tests  are  performed  and  the  combined  static - 
dynamic  test  station  where  piece  part  isolation  is  performed.  A  more  detailed 
flow  diagram  for  the  piece  part  isolation  level  of  maintenance  is  presented  in  the 
report  in  Section  2.6 

Figure  42  is  a  reprint  of  the  Recommended  Test  Area  Layout.  The  quantity  of 
ATE  depicted  in  this  figure  was  determined  as  necessary  to  service  the  end  items, 
and  workloads  of  these  end  items,  analyzed  during  the  first  study  effort.  Ob¬ 
viously,  the  quantity  of  ATE  shown  is  not  valid  if  different  end  items,  or  work¬ 
loads  of  these  end  items  are  considered. 

Concepts  presented  in  the  two  previous  figures  are  still  valid  even  if  end  items 
scheduled  for  servicing  by  GPATS  are  not  identical  with  end  items  analyzed  dur¬ 
ing  the  first  study  effort. 
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Fi^i  e  k2t  Recommended  Test  Area  Layout 


3*3  (contd) 


2.  Cost  estimates  as  presented  for  procurement  of  ATE  were  based  upon  servicing  a 
defined  end  item  workload  obtained  from  DAAPD  personnel  during  the  previous 
study  program.  The  coat  figures  are  invalid  if  different  quantities  of  ATE 
hardware  are  considered.  However,  the  cost  estimates  and  ATE  System  Accumula¬ 
ted  Savings  results  are  further  analyzed  in  Section  2.5  of  this  report  to 
estimate  more  accurately  the  related,  or  indirect,  savings  which  could  be 
realized  by  applying  GPATS  to  depot  servicing  of  the  end  itemsconsidered  during 
the  first  study  program. 

3«  A  Control  Ccanputer  with  Data  Processing  Capability  and  Code  Conversion  Unit 

are  introduced  and  defined  in  this  report.  This  peripheral  equipment  would,  if 
procured,  add  to  the  block  diagram  of  Figure  ^  .  Its  tie-in  with  the  General 

Purpose  Automatic  Test  System  follows  the  time  sharing  philosophy  pre>/-aient 
throughout  both  study  programs.  The  Control  Computer  would  be  available  for 
performance  of  many  functions  for  any  of  the  Programmer-Controllers  present 
in  a  depot  as  well  as  performance  of  functions  supporting  the  depot  test  area. 

Procurement  of  the  above  mentioned  peripheral  equipment  is  not  part  of  the 
initial  procurement  plan  and  recommendations  of  this  report.  However,  it  is 
recommended  that  the  peripheral  equipment  be  procured  in  the  futui«  as  there  is 
a  very  definite  requirement  for  equipment  to  perform  the  many  functions  defined 
in  this  report. 

Study  results  of  a  depot  oriented  Programmer-Controller,  finalized  after 
analysis  of  requirements  generated  during  both  study  efforts,  are  present»d  in 
this  report.  With  capabilities  not  present  in  operational  Programmer-Controllers 
and  in  conjunction  with  the  building  blocks,  the  specified  Programmer-Controller 
can  perfom  servicing  of  the  representative  end  items  selected  for  analysis  by 
DAAFD.  In  future  years  the  complexity  of  electronic  equipment  a  depot  must 
service  is  expected  to  increase  drastically,  and  one  function  of  the  pieripheral 
equipment,  that  of  performance  as  a  Computer  Controller  with  more  advanced  test 
capabilities  than  a  Programmer-Controller,  will  become  more  important  than  at 
the  present.  For  this  reason,  it  is  imperative  that  provision  be  included  at 
this  time  in  any  hardware  comprising  a. General  Ihirpose  Automatic  Test  System 
for  integration  with  a  Control  Computer  with  Data  Processing  Capability  so  that 
this  future  step  will  not  obsolete  emy. GPATS  hardware  which  has  Just  been  de¬ 
veloped. 

It  is  emphasized  that  functioning . as  a  Computer  Controller  is  just  one  of 
the  several  functions  the  Control  Computer  with  Data  Processing  Capability  would 
perform.  In  fact,  this  feature  is  not  considered  a  major  function  at  this  time 
as  several  other  functions  defined  in  this  report  are  more  important  to  provide 
the  most  efficient,  useful  and  economical  General  Purpose  Automatic  Test  System 
for  performance  of  present  depot  end  item  servicing.  Thus,  functions  necessary 
to  provide  integration  with  the  peripheral  equipment  should  be  considered  before 
and  during  development  of  any  GPATS  hardware. 
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PURCHASE  DESCRIPTION 
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Purchase  Description  -  Code  Converter  Tape  Preparation  Unit 


1.  Scope 

1.1  This  Purchase  Specification  covers  the  detailed  requirements  for  a  code 
converter  tape  preparation  unit  capable  of  code  conversion  and  test 
program  tape  preparation  for  the  following  Programmer-Controllers. 

a.  AN/gjQ-9 

b.  General  Dynamics  SCATE-203 

c.  Nortronics  Datico  DAT  001 

d.  Lavoie  Robotester 

2.  Applicable  Documents 
MDNE-PD-63 

MIL-P-26664a(uSAF)  7  January  i960 

3.  Requirements 

3.1  General  Purchase  Description:  The  requirements  of  general,  purchase  des¬ 
cription  No.  MDNE-PD-63  apply  as  requirements  of  this  purchase  description. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  unit  shall  perfom  its  designated  function  successfully  within  the 
operational,  environmentsJ.  and  life  requirements  designated  herein. 

3-2.1  Service  Life :  10, 000  hours  minimum 

3.3  Design: 

3.3'i  Gaatrols : 

The  following  front  panel  controls  are  required: 

a.  Power  on,  off 

b.  Input  Programmer-Controller  code  selector 

c.  Output  p/c  code  selector 

d.  Operation  mode  selection 

Duplicate  continuous 
Duplicate  row  at  a  time 
Input  tape  search  forward 
Input  tape  search  reverse 
Reset  nil  data 
Read  data  block 
Read  test  sequence 
Convert  and  punch  data  block 
Convert  and  punch  test  sequence 
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3.3‘1  (contd) 


e.  Printer  on,  off 

f.  Test  number  search  selector 

3.3*2  Indicators ; 

Indicators  or  indicating  switches  shaJ.!  be  provided  for  the  control 
functions  listed  in  Section 

3.4  Detail  Performance  Requirements; 

3.4.1  General ; 

A  typical  functional  block  diagram  of  the  code  converter  tape  pre¬ 
paration  unit  is  shown  in  Figure  1.  This  unit  shall  be  capable  of  the 
following  operations : 

a.  Automatic  conversion  of  information  from  one  Programmer  Controller  test 
tape  to  another.  Conversion  co  or  from  a  Robotester  tape  using  another 
type  of  Programmer  Controller  tape  shall  not  be  required.  However,  the 
Code  Converter  tane  preparation  unit  shedl  be  capable  of  reading,  prepar¬ 
ing  or  modifying  Robotester  tapes. 

b.  Addition  of  test  data  or  test  sequences  to  the  output  tape. 

c.  Suppression  of  conversion  of  selected  test  data  or  test  sequences  in 
the  input  tape  during  the  conversion  process. 

d.  English  language  display  of  all  information  in  the  input  tape  for 
identification  and  variflcation. 

e.  Display  of  added  tape  information. 

f .  Tape  preparation  without  an  input  tape  by  means  of  keyboard  entries. 

3.4.2  Input  Devices ; 

The  code  converter  tape  preparation  unit  shall  contain  the  following 
input  devices : 

a.  Eight  level  perforated  tape  reader 

b.  Twelve  level  perforated  tape  reeider 

c .  Keyboard 

3. 4. 2.1  Eight  Level  Tape  Readers; 

The  eight  level  tape  reader  shall  be  a  photoelectric  read  device, 
capable  of  bldlrectioneJ.  drive  and  accommodating  up  to  10  l/2  inch  reels. 
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figure  1. 
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3. 4. 2.1 


(contd) 


It  shall  he  capable  of  reading  speeds  of  at  least  130  frames  per  second  ■  nfl 
stopping  on  a  stop  character. 

3. 4. 2. 2  Twelve  Level  Tape  Reader; 

The  twelve  level  tape  reader  shall  he  a  mechanical  or  photoelectric 
device  capable  of  simultaneously  reading  4  frames  of  tape  Information.  It 
shall  he  capable  of  reading  i  Rohotester  tapes  at  a  rate  of  at  leut  4  frames 
per  second. 

3.4.2. 3  Keyboard ; 

A  keyboard  shall  be  furnished  to  adlow  manual  entry  of  data  for 
preparation  of  new  test  tapes  and  for  correcting  or  modifying  existing  tape 
programs.  The  keyboard  shall  be  functionally  arranged  to  provide  for  entry 
of  the  following  data: 

1.  Decimal  or  nisnerlcal  data  with  Identification  of  the  corresponding  ATE 
functional  unit  or  parameter. 

2.  Other  test  data  (type  measurement,  range,  etc.)  and  associated  ATE 
functional  unit  or  parameter  Identification. 

3.  Test  sequence  control  data. 

The  decimal  or  numerlcad  entry  keys  shall  provide  for  entry  of  a 
six  digit  decimal  number.  Additional  keys  will  Identify  the  decimal  entry 
as  one  of  the  following  quantities. 

a.  Test  number 

b .  High  limit 

c.  Low  limit 

d.  Measured  value 

e.  Stimulus  relay  group 

f .  Stimulus  relay  number 

g.  Buffer  number 

h.  Test  point  relay  number 

I.  Timer  time  vsilue 

J.  On  off  test  point  relay  nimiber 

k.  Reference  Input  nximber 

l.  Counter  limit  register  limit  number 

m.  Address  number 

n.  Sub-addreas  number 


-143- 


3. 1^.2. 3  (contd) 


Provisions  shall  also  he  made  to  select  the  type  of  test  number  in¬ 
cluding  primary,  secondary,  alternate  and  sub -routine  and  the  type  of  test 
point  relay  such  as  primary  or  secondary.  Provision  shall  be  made  to  select 
limit  polarity  when  limit  values  are  used  or  +,  greater  than  (  >  ),  or  less 
than  )  when  a  limit  as  a  percentage  of  measured  value  is  used  for  Ro- 
botester  tapes . 

The  keyboard  shall  provide  for  entry  of  other  test  data  and  associ¬ 
ated  ATE  functional  unit  or  parameter  identification.  These  include; 

Address  or  Selection  of  Digital  Voltmeter /Voltage  Reference ; 

Type  measurement 


D.C. 

A.C. 

A.C.  in  phase 

A.C.  quadrature 

D.C.  ratio 

A.C.  ratio 

Resistance  (2  wire) 

Resistance  (4  wire) 

Impedance 

Ratio 

Hi  Pot 

A.C.  45® 

Range 

.1  volt  or  ohm 
1  volt  or  ohm 
10  volts  or  ohms 
1000  volts  or  ohms 
10  K  volts  or  ohms 
100  K  ohms 
1  Meg  ohms 
10  Meg  ohms 
100  Meg  ohms 


Command 


Start  conversion  * 

Repeated  conversion 
Actuate 

-  Terminal  (Minus  terminal) 

Standards  ** 

*  Must  be  followed  by  signal  source  selection 

**  Must  be  followed  by  standards  source  selection 


-144- 


3. 4. 2. 3  (contd) 


Address  or  Selection  of  Counter  (Universal  Counter  Timer) : 

Type  Measurement 

Frequency 

Frequency  x  10 

Period 

Period  x  10 

Time 

Events 

Pulse  Width 

Range 

1000 

10  thousand/lOKC 
100  thousand/lOOKC 
1  raillion/l  MC 

Ccnmand 

Start  * 

Reset 
Actuate 
Stop  * 

Sample  Output  * 

Off 

Test 

Drive  Selector 

100  cps 
1  KC 

Ext.  VOO  cps 
Ext .  J_  10 

A  Channel  slope  +,  - 
B  Channel  slope  +,  - 

A  Attenuator 

DC  x  1  AC  X  1 

DC  X  10  AC  X  10 

DC  X  100  AC  X  100 


I 

! 
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3.4  2.3  (contd) 


AC  X  1 
AC  X  10 
AC  X  100 


Axixiliary  Counter  (Time  Base  Generator)  Range: 


-146- 


3. 4. 2. 3  (contd) 


10“‘^/l0  ms . 

10'‘^/l00  ms. 

10“/!  sec. 

10  sec . 
100  sec . 


Ccmniand 


Start  * 
Stop  * 

Gate  Duration 


.01  sec. 

0.1  sec. 

1  sec . 

10  sec . 

100  sec . 

Address  or  Selection  of  Comparator 

High  limit  number 
Low  limit  number 
Limit  polarity 
Input 
Time 

Frequency 
Auxiliary  timer 
Digital  voltoeter 
Digital 
Events 

Command 

Conversion  complete 

Address  or  Selection  of  Timer  (Delay  Generator) : 

Time  or  delay  number 

Range 

1  sec . 

5  sec . 
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3. 4. 2. 3  (contd) 


10  sec. 

25  sec. 

50  sec . 

100  sec. 

Cootnand 

Start  * 

Stop  * 

Reset 

Wait  for  coincidence 

Address  or  Selection  of  Stimulus 

Stimulus  group  number 
Stimulus  relay  niomber 
Command : 

Actuate 

Address  or  Selection  of  Stimulus  Buffer: 

Buffer  Number 

Command 


On 

Off 

Reset 

Transfer  * 

Direct  transfer 

Selection  of  Distribution  Point: 
Command 


Reset 

+  test  line 
-  test  line 
External  control 
Reference 

Selection  of  On-Off  Level 
Command: 


Reset 
Open 
Ground 
+  28  volts 
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3. ‘+.2. 3  (contd) 


Test  Sequence  Control  Commands : 

Tape  hold 
Tape  end 
Search  start  * 

Search  forward 
Search  Reverse 
Remove  hold  * 

Internal  switching  reset 

Internal  switching  reset  on  NO-GO 

Internal  switching.  Do  not  reset  on  NO-GO 

Program  end 

Program  control 

Program  stop  * 

Program  stop  weapon  system  monitor 
Address  or  Selection  of  Printer: 

Command 


Print  test  no. 

Print  low  limit 
Print  high  limit 
Print  measured  value 
Print  on-off  response 
Print  on  GO 

Signal  Source  Selection 

Reset 

NO-GO 

On  off  response 

High 

Low 

Go 

Time  limit 
Program  control 
Auxiliary  counter  gate 
Counter  s+op 
External  signal 
Tape  pulse 
+  Test  line 
-  Test  line 
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3.4*3  Decoders 

3 . 4 . 3 . 1  SPATE  Decoder 


The  SPATE  decoder  shall  be  capable  of  receiving  a  three  row  data 
block,  decoding  one  of  thirty  two  addresses,  decoding  message  bits  as 
required  and  routing  me8sa.ge  (instruction)  information  to  the  deslcnated 
register  or  storage  element  of  data  storage .  Refer  to  Attachment  2  for 
SPATE  format. 

3 . 4 . 3 . 2  Datico  Decode-e 


The  Datico  decoder  shall  be  capable  of  receiving  a  row  of  tape 
information,  identifying  and  decoding  an  "A"  row  or  a  "P"  row,  and  by 
means  of  decoded  "A"  signals  route  "P"  row  information  to  the  designated 
register  section  or  storage  element  of  data  storage.  Refer  to  Attachment  3 
for  Datico  format. 

3. 4. 3. 3  AR/gjQ-9  Decoder 

The  AN/GJQ-9  decoder  shall  be  capable  of  receiving  a  row  of  tape- 
information,  identifying  and  decoding  an  address  row  number  or  a  subaddress 
and  information  row  and  by  means  of  address  and  subaddress  numbers  route 
instruction  information  to  the  designated  register  section  or  storeigs 
element  of  data  storage . 

3. 4. 3*4  Robotester  Decoder 


The  Robotester  decoder  shall  be  capable  of  receiving  a  block  of 
Robotester  tape  information,  decoding  as  required  and  transferring  information 
to  the  designated  register  section  or  storage  element  of  data  storage.  Refer 
to  Attachment4  for  Robotester  tape  format . 

3* Data  Gtoragc 


The  code  converter  tape  preparation  unit  shall  include  data  storage , 
consisting  of  input  and  output  gating  and  sufficient  storage  capacity  to 
permit  storage  of  the  lengthiest  test  sequences  possible  for  any  of  the  four 
Programmer  Pontrollers  referred  to  herein.  Data  storage  of  a  test  eequenee  is 
required  as  row  by  row  or  block  by  block  conversion  frcm  one  p/p  tape  to 
another  is  not  feasible  due  to  differences  in  the  order  of  test  data  within 
a  test  sequence  for  each  p/p.  Data  storage  shall  be  capable  of  storing  in¬ 
formation  for  the  following  items  of  a  test  sequence: 

Test  number  (primary) 

Test  number  (alternate,  sub-routine  or  secondary) 

Stimulus  relay  selection,  buffer  on-off,  transfer  commands  and  signal 
source,  reset,  actuate 

Tyipe  measurement 

Range 

Start  command  signal  source 

Stop  command  signal  source 
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Sample  counter  output  source 

Counter  drive 

Counter  limit  register 

Auxiliary  counter  start  source 

Auxiliary  counter  stop  source 

Auxiliary  counter  gate 

Auxiliary  counter  range  or  time  base 

Counter  A  channel  or  start  polarity  (or  slope) 

Counter  B  channel  or  stop  polarity  (or  slope) 

Counter  A  channel  attenuator 

Channel  B  channel  attenuator 

Co\anter  A  channel  trigger  level 

Counter  B  channel  trigger  level 

Counter  off  or  test 

VADC  conversion  command  signal  source 

Conversion  comnlete 

Timer  start  or  reset  source 

Timer  stop  source 

Timer  range 

Timer  value 

#1  Test  point  selection  (primary  or  secondary,  reset  to  or  from) 
Test  point  selection 

5^1  Distribution  point  or  ADC  selection  to  comparator 
^  Distribution  point 

On  off  test  point  selection 
On  off  detector  selection 
High  limit  or  measured  value 
Low  limit 

Limit  polarity  or  measured  value  poleurity 

Measured  value  tolerance 

Search  direction 

Search  start  source 

Reference  signal  selector 

Reference  range 

Standards  selection 

Program  stop  selector 

Program  control  or  command  or  actuate 

Program  end 

Tape  end 

Tape  hold 

Remove  hold  source 

Internal  switching  reset 

Print  command 
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3.4.5  Comparator 

A  six  digit  parallel  cosiparator  shall  be  included  for  use  in  the 
tape  search  mode  vhereby  the  operator  searches  to  a  particular  test  number 
on  the  input  tape.  One  input  to  the  comparator  will  be  from  a  group  of  six 
manvial  input  switches.  The  second  input  to  the  comparator  will  be  from  the 
tape.  When  these  two  Inputs  coincide  a  comparator  output  signal  will  be 
available  to  stop  the  tape  reader. 

3.4.6  Encoders 

3. 4. 6.1  SCATS  Encoder 

The  SCA.TE  encoder  shall  be  capable  of  receiving  information  from 
data  storage  and  conversion  to  the  SCATS  three  row  data  block  tape  format. 

3. 4. 6. 2  Datico  Encoder 


The  Datico  encoder  shall  be  capable  of  receiving  information  from 
data  storage  and  conversion  to  the  Datico  tape  format. 

3.4.6. 3  AN/GJft-9  Encoder 

The  AN/gjQ-9  encoder  shall  be  capable  of  receiving  Information  from 
data  storage  and  conversion  to  the  AN/gJQ-9  tape  fonaat. 

3. 4. 6. 4  Robotester  Encoder 


The  Robotester  encoder  shsull  be  capable  of  receiving  infomation 
from  data  storage  and  conversion  to  the  Robotester  tape  format. 

3.4.6. 5  Print  Encoder 


The  Print  encoder  shaJ.1  be  capable  of  receiving  Information  from 
data  storage  and  conversion  to  printer  drive  slgneLLs. 

3.4.7  Output  Devices 

3. 4. 7.1  Eight  Level  Tape  Punch 

An  eight  level  tape  pvnch  shal,!  be  provided.  By  mearis  of  the 
output  P/c  code  selector  switch,  either  the  SCATS,  Datico  or  Alif/GrJQ-9 
encoder  will  be  selected  to  operate  the  eight  level  punch. 

3. 4. 7. 2  Twelve  Level  Punch 

A  twelve  level  Robotester  type  punch  sheLLl  be  provided.  When  the 
output  P/c  code  selector  switch  is  in  "Robotester"  position,  the  Robotester 
encoder  will  provide  signals  to  operate  this  punch. 
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3.U.7-3  Printer 


The  printer  shall  be  a  parallel  entry  alpha  numerical  recording 
device  furnished  for  printout  of  information  in  data  storage.  A  minimum, 
of  twenty  printer  columns  shall  be  provided  to  allow  printout  of  all 
decoded  tape  or  keyboard  entry  information.  Tyirical  code  converter  print 
format  is  shovm  in  Figure  2.  Word  or  entries  may  be-  abbreviated  as  required 
for  proposed  printer  column  capacity.  Minimum  printer  speed  shall  be  four 
lines  per  second.  By  means  of  this  printer.  In  the  decode  and  print  mode  of 
operation,  it  shall  be  possible  to  produce  a  complete  English  language  print¬ 
out  of  the  information  contained  on  an  input  tape. 

3.4.8  Displays 


The  code  converter  tape  preparation  unit  shall  include  displays  con¬ 
sisting  of  lights  and  alpha  numerical  readout  devices  to  automatically  provide 

the  operator  with  the  follov/ing  information: 

a.  Test  number 

b.  Keyboard  entries  selected 

c.  Mode  of  operation  indicators,  and  other  sv/itch  actuation  indicators  a.s 
required  by  human  engineering  considerations  for  simple,  efficient  and  foo 
nroof  operation  of  the  unit. 

3 • 4 . 9  Control  Circuits 

The  code  converter  tape  preparation  unit,  by  means  of  front  panel 

controls  and  internal  circuits,  shall  be  capable  of  the  follovz-ing  operations: 

a.  Duplication  -  In  the  duxjlicate  continuous  mode  an  output  tape  shall  be 
prepared  v/hich  is  identical  to  the  input  tape.  Duplication,  once  com¬ 
manded,  shall  continue  until  stopped  by  the  operator.  Using  the-  duplicate 
rov/  at  a  time  mode,  the  input  tape  shall  advance  one  row  at  a  time  and  a 
corre.sponding  rov;  punched  in  the  output  ta^ve .  Tape  advance  and  dujjli- 
cation  of  the  next  row  must  be  commanded  by  the  ooei'ator. 

b.  Tape  Rearch  -  Search  to  a  selected  test  numbei'  on  an  input  tape  sh.all  V.' 
oos.sible  by  operator  selection  of  the  desii-od  te.st  niunber  using  front 
nanel  numerical  switches.  Actuation  of  search  forward  or  reverse  control- 
shall  result  in  reading  of  iiqvut  tarje  test  numbers  into  the  comparator. 

The  manually  selected  niunber  shall  be  continuously  compared  to  input  ta.pc 
numbers  until  coincidence  occurs  and  the  input  teipe  stops. 

c.  Reset  -  It  shall  be  possible  to  reset  all  elements  in  data  storage  by  mean: 
of  a  single  switch  command.  It  shall  be  possible  to  selectively  reset 
elements  In  data  storage  for  test  information  deletion  or  modification. 
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3.H.9  (contd) 


d.  Reading  Input  Tapes  -  By  meeuis  of  operation  mode  switches  it  shall  he 
possible  to  read  input  tapes  a  data  block  at  a  time  or  a  test  sequence 
at  a  time  into  data  storage.  If  the  printer  on-off  switch  is  on,  a 
corresponding  data  block  or  test  sequence  printout  will  occur. 

e.  Conversion  -  By  means  of  the  Reeui  and  Convert  controls,  a  data  block  or 
test  sequence  read  off  the  input  tape  will  be  converted  to  the  output  P/c 
code  previously  selected.  The  output  tape  shall  also  be  punched 
accordingly. 

f .  Other  Control  Circuits  -  Additional  circuits  for  control  of  power,  code 
conversion  and  tape  program  preparation  shall  be  furnished  as  required  to 
perform  the  functions  outlined  herein. 


ATTACHMENT  I 


Definitions 


1.  Rov;  A  transver.'oc  line  of  tape  inroimation .  An  eight  channel  tape  row  consists 
<u"  eight  Infomation  characters  ixlus  a  oproclcet  channel  character.  A 
Rohotester  tape  row  consists  of  tv/clvc  information  characters  plus  a 
sorocket  channel  character. 


Data  Block;  One  or  more  rows  of  tape  information  that  coramands  a  di.scretc 

function,  sucVi  as  best  number,  or  start  timer  source .  SCATE  and 
Robotester  use  fixed  length  data  blocks  of  3  *ind  4  rows, 
respectively. 


3.  Teat  Sequence ;  A  number  of  data  blocks  required  for  a  complete  test. 


ATTACHMEMT  2 

SCATE-203  Program  Instructions  and  Charts 


List  of  Address 


Address 


0  hold 

1  test  number 

2  test  point  switching 

3 

4  reset  for  delay  generator 

5  delay  generator 

6 

7  resistance  measurement 

8  frequency  and  time  interval  measurement  (counter) 

9  voltage  measurement  (DVM) 

10 
11 
12 

13 

14  low  limit 

15  high  limit 

16  stimulus  switching 

17  stimulus  switching 

18  stimulus  switching 


The  controller  programmer  utilizes  fixed  block  length  programming  as  shovm 
in  Figure 


The  bits  Al,  a2,  A3,  Bl,  and  B2  determine  the  address  of  the  data  block. 

The  bits  A8,  b8,  and  C8  are  used  for  parity.  The  remaining  sixteen  bits  are  used  for 
programmed  information. 

The  Programming  Data  is  as  follows: 


ADDRESS  0 _ PROGRAM  HOLD 

B3  Hold  for  external  start 

Cl  Hold  for  Delay  Generator  Start 
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CHANNEL  8 

CHANNEL  7 

CHANNEL  6 

CHANNEL  S 

CHANNEL  4 

CHANNEL  3 

CHANNEL  2 

CHANNEL  I 


DIRECTION  OF  TRAVEL 
- 


Figure  3- 


KCATFJ  Tape  Format 


ADDBE88  1 


TB8T 


aH 

m 

m 

d 

i^§ 

m 

io 

B5 

20 

b6 

4o 

B7 

8o 

cu 

1 

C5 

2 

C6 

4 

C7 

8 

B3 

1 

Primary  Test 

0 

Subroutine 

Cl 

1 

Alternate  Test  Ho. 

0 

Test  Ho. 

C2 

1 

Do  not  clear  switching  on  HO-00 

0 

Clear  switching  on  HO-00. 

ADDRESS 

2 

TEST  Fonrr  selector 

Group  1 

Broup  2 

Group  3 

Group  4 

B4 

10 

B5 

20 

B6 

4o 

B7 

80 

C4 

1 

C5 

2 

C6 

4 

C7 

8 

A5 

a6 

A5,  A6 
A7 


[—  Test  Lin*  Ho. 


Distribution  Point  (DP) 


DPI  Tost  Lins  -  Gnd.  Side  (AC.  DC) 

(reals) 

DP2  ^  Test  Line 

DP3  External  Control 

DP4  Reference  Line  -  OHD  side  for 

counter  Mas. 


Cl 

C2 

Cl,  C2 

C3 


ADIBESS  4 


DEIAY  OEMERATOR  BESET 


APBB188  5 


MIAY  GBHERATOR 


Start  Bourot 
Tape  Pulse  — * 

Extaroal  Control  a6 
Other  A7 

KO-00  a6,  A7 


Hotet  Alwayspreeeds 
AD5  with  AIffl.4  on  blank 
block  to  reset  delay  gen. 


b4  10 

B5  20 

b6  4o 

B7  80 


C4  1 

C5  2 

C6  4 

C7  8 


Delay  Value 


Value  X  lO”  seconds  (0  -  .99  =  1  8®c  range)  — 
Value  X  1  seconds  (O  -  99  =  100  sec  range)  Cl 
Value  X  10*^  seconds  (O  -  9.9  *  10  see  range)  C2 


B3 

0 

No  External  Reset 

1 

External  Reset  * 

C3 

0 

Normal  Operation 

1 

Self  Check 

*  External  Reset <  If  the  Delay  Oenerator  coaipletes  its  delay  prior  to  tha 

receipt  of  the  external  reset  signal,  it  will  generate  a 
HO-00. 


ADDRESS  7 _ RESISTAECE  MEA3URBMEMT 


Dec.  Point 

Mult. 

Range 

0.00 

U 

0-10  ohm 

a4 

00.0 

U 

100 

A5 

.000 

K 

1000 

a6 

0.00 

K 

10  K 

a4, 

a6 

00.0 

K 

100  K 

A5, 

Af 

.000 

M 

1  Megohms 

A7 

0.00 

M 

10  megohms 

a4, 

AT 

C3  -  Start  frco  Delay  Generator 
B4  -  4  Wire  Measurement 
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COUITIR 


15  U 
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07  start  Polarity 

00 

01 

10 

u 

Puls*  Width 

Tf\. 

TIM  iBt. 

Ptrlod 

0  lag.  Pulaa 

1  Poa.  Pulaa 

17  l6 

Attan.  Rum 

13  Stop  Polarity 

00 

01 

10 

11 

50  •  200  v.p.p. 

0.5  -  5  T-p.p. 

5-50  T.p.p. 

0  lag.  Pulaa 

1  Poa.  Pulaa 

C6  C5  04  start. Soure* 

03  02  01  Stop  Souroa 

001 

010 

Oil 

100 

100 

Ixt.  Line 
+  T«8t 

Baity  Gan. 

Tapa  dm. 

Coup.  00 

001  Xxt.  Lina 
010  -  Taat 

Oil  Dalay  Qan. 
110  Coaqp.  LO 
m  OoBp.  HI 

NtMur*  Raaos 

A7  A6  A5  kk 

T.l. 

TIm  Int. 

.  wNfaPjHr. 

Parlod 

Fraa.  T.l. 

0  1 

0  0  .  000  M/K 

10"^ 

.001-. 999  MS 

io^3SS 

.100-.999N9 

0  1 

0  1  0.00  n/k 

lo"^ 

1.00-9'99  NB 

IKC-lOOopa 

1.00-9.99MS 

0,02-9.99KC  10’^ 

0  1 

1  0  00.0  m/k 

10-^ 

10.0-99>9  MB 

100  opa-10  opa 
10.0  m-99>9MB 

10.0-99.9IB  10*® 

0  0 

0  0  .000  n/k 

lo"^ 

.001-. 999  aao 

0  0 

0  1  0.00 

10’® 

1.00-9.99  aao 

0  0 

1  0  00.0 

10’^ 

10.0-99>9  aao 

1  0 

0  0  .000  Mg 

.lQ(iC-.999MC  lo"^ 
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APDRB88  9 


AC.  DC  MBASOlWnB 


Dec,.  Po.lrit 

sood 
dtoo 
06.0 
.000  K 


Range 

i  ¥ol^  — 

Id  kk 

Idd  Y61«i  A^ 

idoo  Tditi  a4,  a5 


Type  of  WeMure— nt 

DC  Volta  b6 

AC  Volta  naa  b6 


VoxBal  Operate  — 

Internal  Staadarda  C4 


8top  Meaaureaent  aouree 

Hone  (aingle  conT.) 

Dal.  Oen  C2 

Ext.  Coamaad  Cl|  C2 

Staz^  Maaaureaent  Source 


Tax>e  Coanand  — 

Del.  Oen.  C3 

Ext.  Coaaand  B3«  C3 

Hegatlve  Teat  Line)  Co— on  Signal  Bouree 

Chaaala  Ground  ) 

ADCBE88  14 _ LOW  LDCT 


kk 

100 

A5 

200 

a6 

MX) 

A7 

800 

b4 

10 

B5 

20 

b6 

M) 

B7 

80 

ok 

1 

C5 

2 

C6 

k 

C7 

8 

B3 

0  Poi 

1  HegatlYO 


Polarity 

Polarity 


ADDRESS  l6  -  Group  1  Stimulus 

17  '  Group  2  Stimulus 

16  -  Group  3  Stimulus 
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ATTACHMXNT  3 

DATICO  SYSTEM  raOGRAMMING 


A.  System  Requirements 

1.  Power 

2 .  Control  Points 
3  Instrumentation 


4. 

Stimuli  (input  signals 

Elementary  Diagram 

1. 

DATICO 

2. 

Service  Unit 

3 

System  Under  Test 

wiring  Assemhlles 

1. 

Patchboard 

2. 

Interconnecting  Cables 

Tape 

Preparation 

1.  Program  Requirements 

2 .  Punch  Tape 


PROGRAMMER  ADDRESS  ASSIGNMENT 


Address 

AOO 


AOl 


A02 


Function 


Timer,  to  position  conoaand 

CIO  -  19  units 

C20  -  29  tens 

C30  -  39  hundreds 

C4o  start 

C50  wait  for  coincidence 

Control  Scanner,  to  position  command 
CIO  -  19  units 
C20  -  29  tens 
C30  Actuate 

Interrogation  Scanner,  to  position  command 

CIO  -  19  units  primary 

C20  -  29  tens  primary 

C30  -  39  units  secondary 

c4o  -  49  tens  secondary 
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ATTACHMENT  3  (contd) 


Address 

Function 

A02  (contd) 

C50  -  59  hundreds 
C60-UCT  "A”  channel 
C70-DVM  terminal 

coo-reset  (after  C60 

or  C70  has  been  used) 

AO3 

Digital  Voltmeter,  to  position  command 

00  -  10  vdc 

01  -  100  vdc 

08  100  K  ohms 

02  -  1000  vdc 

03  -  10  vac 

04  -  100  vac 

05  -  1000  vac 

06  -  ratio 

07  -  10  K  ohms 

09  1000  K  ohms 

A04  Universal  Counter-Timer  to  Position  Command 

Cll  B  channel  slope  (+) 

C12  B  channel  slope  (-) 

CI3  A  channel  slope  (+) 

ClU  A  channel  slope  (-) 

B  channel  attenuator  control 
C21  d-c  1 
C22  d-c  X  10 
C23  d-c  X  100 
C24  a-c  X  1 
C25  a-c  X  10 
C26  a-c  X  100 

A  channel  attenuator 
C31  d-c  X  1 
C32  d-c  X  10 
C33  d-c  X  100 
C34  a-c  X  1 
C35  a-c  X  10 
C36  a-c  X  100 

B  channel  trigger  level 
C4l  -  2.0 
C42  -  1.5 

C43  -  0.5 
C44  -  0.5 
c45  -  0.0 
C46  -  0.5 
c47  -  1.0 
C48  -  1.5 
c49  -  2.0 

A  channel  trigger  level 
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ATTACHMENT  3  (contd) 


Addrtts 
A04  (contd) 


A05  Conparator 


Function 


C51  -  2.0 
C52  -  1.5 
C53  -  1*0 
C54  -  0.5 
C55  -  0.0 
C56  +  0.5 
C57  +  1-0 
058  +  1.5 
059  +  2.0 
Functions 
06l  off 
062  test 
063  Frequency 
064  Frequency  X  10 
065  Period  X  10 
066  Period 


Time 

Base 

070 

10“ 

071 

10"^ 

072 

10-2 

073 

10"' 

074 

10‘^ 

075 

10‘5 

076 

10"^ 

high  limit  memory  section 

10  -  19  units 

20  -  29  tens 

30  -  39  hundreds 

4o  -  49  thousands 

50  -  59  tens  thousands 

60  -  69  hundred  thousands 

70  -  H.L.  &  L.L.  negative 


ATTACHMEST  3  (contd) 


Address  Function 


A06  CoBpsirator  low  limit  memory  section 

10  -  19  xinits 

20  -  29  tens 

30  -  39  hundreds 

40  -  49  thousands 

50  -  59  ten  thousands 

60  -  69  hundred  thousands 

70  H.L.  positive,  L.L. 

A07  Sequence  Indicator,  to  position  ccenoand 

CIO  -  19  units 
C20  -  29  tens 
C30  -  39  hundreds 

A08  Indicator  U.C.T.  measurement,  to  actuate  command 

COO 

A09  Indicator  D.V.M.  measurement,  to  actuate  cosimand 

COO 


negative 
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10  POINT  FOR  END  DIGIT 
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ATTACHMENT  3  (contd) 
DATICO  Tape  Format 


Appendix  2 
Purchase  Description 
Oscillator  0.1  CPS  -  30  KC 


1.  Scope 

1.1  This  Purchase  Description  covers  the  detailed  requlreoents  for  a  pro> 
grsanahle  low  frequency  generator.  This  Instruaent  Is  capable  of  generating 
frequencies  programmable  froa  .1  cps  to  30  XD  at  prograanmble  outputs  up  to 
30  volts. 

2.  Applicable  Dociaaents  (MDMB-PD-63) 

3.  Requirements 

3>1  General  Purchase  Description ;  The  requirements  of  general  purchase 
description  tti]NE*Pb>&3  apply  as  requirements  of  this  purchase  description.  When 
the  two  purchase  descriptions  conflict,  this  purchase  description  shall  govern. 

3*2  The  unit  shall  perfom  Its  designated  function  stMoessfully  within  the 
operational  and  life  requlrementa  designated  herein. 

3*2.1  Service  Life:  10,000  hours  min. 

3*3  D>tlgn 

3.3*1  Controls:  An  auxiliary  on-off  switch  shall  be  provided  tn  an 
accessible  location*  All  other  functions  are  to  be  perfoned  from  e  remote 
source  * 

3*^  Detail  Perfoiaanoe  Requirements 
3*4.1  General 

3*4.1.!  Power  Requlremnts ;  I03  -  123  VAC  -  30  to  420  oyoles/sec 
single  phase. 

3*4*1*2  Frequency  Range t  tl  cps  to  30  KC  sine  wave. 

3*4. 1.2.1  Frequency  Accuracy  .1  cps  to  10  cps  +  1^  of 

programmed  value 

10  ops  to  100  cps  +  of 
programmed  value 

100  cps  to  10  KD  +  .03it  of 
programmed  vaTue 

10  KD  to  30  KD  +  .Ifk  of 
progranned  value 
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i)8Cillator  0^  CP3  ••  3Q  KC 


(Contd) 


3.14-. 1.2. 2  Distortion;  Loss  than  1^. 

3. 4. 1.3  Output:  .1  to  10  cps  ^  V  auoc.  Into  600  ohm  load. 

10  cps  to  30  KD  30  V  taax.  Into  600  ohm  load. 

3. 4. 1.3.1  Output  Aocuraey:  .1  to  10  cps  and  10  KC  to 
30  KC  +.1  V  of  progriunad  value,  10  cps  to  10  KD  +  .05  V 
of  programmed  value  up  to  5  V,  +  .IV  In  the  range  of  5  V 
to  30  V. 

3. 4. 1.3. 2  Output  Impedance;  600  ohms 

3*4. 1.4  Modvilatlon ;  In  the  frequency  range  10  KC  to  30  KC  output 
must  be  capablh  of  belhg  asiplltude  modulated  50)6  by  a  3^  cjps  aqUIs^m 
wave  froBi  textemal  generator. 

3.4.I.5  t  All  progrsHilng  will  be  done  by  applying  ex** 

temally  suppled  bo  levels  to  control  lines. 

3. 4. 1.5*1  Trequeney  shall  be  prograamablet 

in  .1  eps  steps  from  .1  to  1  ops 
in  1  ops  steps  from  1  to  10  ops 
In  5  ops  steps  from  10  to  100  eps 
In  10  ops  steps  from  1  KC  to  30  KC 

3. 4. 1.5. 2  Output  shall  be  programMble  In  1  volt  steps  to 
5  volts  max.  In  the  .1  to  10  ops  range  and  In  .1  volt  steps 
to  30  V  max.  In  10  ops  to  30  KC  range. 

3.4. 1.5. 3  Progimamd.^  Time;  The  maximum  time  required  to 
change  from  a  given  fxmquenoy  axid  output  to  a  nev  fraqueney 
and  output  shall  not  exoeed  25  milliseconds. 

3*4. 1.5.4  Modulation  shall  be  programmed  off  or  on  In  tbe 
10  KC  to  30  XC  rangs  only. 
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Appatidlx  3 


Purehaat  Description 
Oscillator  30  KB  •  4o  NO 


1.  Scope 


1.1  This  Purchase  Description  covers  the  detailed  requlrenwnts  for  a  progrsa- 
■able  signal  generator  In  the  30  KB  to  40  NO  range. 

2.  Applicable  Doevaasnts  (MDHB-FD-63) 

3.  Requlreaents 

3<1  General  Purchase  Description;  The  requlreaents  of  general  purchase  dss- 
crlptlon  No.  aroly  as  requlreaents  of  this  purchase  description. 

When  the  tvo  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  iinlt  shall  perfoxa  Its  designated  function  successfully  vlthln  the 
operational  and  life  requlreaents  designated  herein. 

3*2.1  Service  Life:  10,000  hours  aln. 

3*3  Design 


An  auxiliary  on>off  switch  shall  be  provided  In  an 
accessible  location.  All  other  functions  are  to  bs  psrfozaed  from  a 
rsaote  source 

3*^  Detail  Perforaance  Requlreaents 
3*4.1  General 

3.4. 1.1  P^r  Requlreaents!  10$  to  12$  Volts  AC,  $$  to  420  cycles 
single  phiue. 

3*4. 1.2  Frequency  Range;  30  KB  to  40  NC 

3*4. 1.3  Output  lapedance:  $0  ohas 

3. 4. 1.3.1  Output  Power;  10  watte 

3 *4. 1.4  Modulatlro ;  Hust  be  capable  of  being  externally  aodulated 
2$  io  lOOJb  In  the  frequency  range  of  100  ope  to  10  KB.  $ 
volts  peak  shall  produce  100^  modulation. 

3*4.1.$  Frequency  Accuracy t  30  KB  to  100  KB  +  .0$^  of  programswd 
value  -  100  KB  to  1  NC  ♦  .Ol^t  of  programasd  value  - 
1  NC  to  4o  NC  .001^  of  prbgraaasd  value. 


Output  Acouracy;  +  1  db  of  programmed  value. 

3 A.  1.7  Programming ;  All  prograimid.ng  vlll  be  done  by  applying 

externally  eupplled  DC  levels  to  the  signal  generator  control 
lines . 


3. 4. 1.7.1  Functions  Prof 


3. 4. 1.7. 1.1 


Freq;jenoy;  Frequency  shall  be  pro- 
graimble  in  300  cycle  steps  frcm 
30  KC  to  100  KC>  In  200  cycle  steps 
frcm  100  KC  to  1  MC  and  In  1  KC  steps 
from  1  MC  to  40  MC . 


3. 4. 1.7. 1.2  Output;  Output  shall  be  prograasMble 
In  lo  db  steps  from  +  40  dbm  to  -  120 
dbm. 


3. 4. 1.7. 1.3  Modulation  shall  be  prograaoed  off  or 
on. 

3.4. 1.7. 2  Krogrami^ng  Time t  The  maxlmva  time  required  to 

eiiange  from  a  given  function  range  to  a  nev  function 
range  shall  not  exoaed  23  alUisecoinds . 
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Appendix  4 
PurohMe  Description 

OsolUator  40  1C  -  400  NS 

1.  Scope 

1.1  This  PurohMS  Description  covers  the  detailed  requlreaente  trm  a  pro> 
graasahle  signal  generator  In  the  4o  NS  to  400  NS  raxige. 

2.  Appllcahle  Docvente  (MIlIE-PD-63) 

3.  RegnlrsBente 

3>1  General  Pyehaee  Deeerlptlont  The  requlrsgMnts  of  general  purchase  dee- 
eriptlon  TfoTTIHIE'-W-bS  apply  M  requlrsMnte  of  this  purehaae  description. 
Vhen  the  tvo  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  unit  shall  perfom  Ite  designated  function  euooessfully  within  the 
operational  and  life  requlresMnts  deelgnated  herein. 

3.2.1  Service  Life;  1000  hrs.  Blnlmum 
3*3  Design 

3.3*1  An  auxiliary  on-off  switch  shall  he  provided  in  an  accessible 

location.  All  other  functions  are  to  be  perfoxTeed  froB  a  remote 
source. 

3<4  Detail  Performance  Begulrewents  t 

3.4.1  Generali 

3. 4. 1.1  Power  Requlremente ;  105  to  125  volts  AC,  5^  to  420  cycles 
single  p^e . 

3. 4. 1.2  Frequency  Range ; 

40  NS  to  400  NS 

3.4.1. 3  Frequency  Accursuiys 

4o  NS  -  73  NS  ^  .001^  of  programed  value 

73  NS  -  400  NS  +  .005^  of  programmed  value 

3-4.1.4  Output  Power;  2  watte 
3.4.1. 5  Output  Voltage;  0.1  u  volt  to  10  V  ims. 
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OtclUfttor  40  MC  -  400  MS  (Contd) 


3. 4. 1.6  Generator  Impedanea:  30  ohns 
3*4. 1.7  Modulation; 

a.  OaolUator  shall  ha  capahla  of  100^  pulsa  aodulation 
at  800  pps,  1  usac.,  3  volts  paak  pulsa  from  axtamal 
sourca . 

b.  OaolUator  shall  ha  capabla  of  23,  30,  ^3,  100^  ampll- 
tuda  modulation  at  1  KC  from  axtarnal  souroa.  3*^  volts 
BN3  sins  vara  input  shall  xmsult  in  100^  modulation.. 

0 .  Osoillator  shall  ba  eapabla  of  fraquanoy  modulation, 

^  20  KC  daviation  at  a  3  KC  rata  vlth  3.3  volt  BNS  input 
■Ina  vava  f roai  an  axtamal  souroa . 

3. 4. 1.6  All  profraaalng  viU  ba  dona  by  applying  ax> 

tarnaiiy  suppliad  D.C.  lavala  to  tha  signal  ganarator  oontrol 
Unas. 


3. 4. 1.6.1  Functions  Prograanad 

3.4.1. 6. 1.1  Praaasnoyt  Fraquanoy  shall  ba  pro- 
grsiss^la  In  10  KC  staps  from  40  MC 
to  75  MC  and  In  100  KC  stops  from  75 
MC  to  400  NC. 

3.4. 1.6. 1.2  Output  I  Output  shall  ba  progroHabla 

in  15  db  staps  from  30  dbm  to  >120 
dbm.  Output  Accuracy  -f  1  db  of  pro- 
graaowd  vedue.  " 

3. 4. 1.8. 1.3  Modulation ;  Type  of  aodvilatlon  shall 
ba  prograimnable 


3. 4. 1.8. 2  I^opamUng  Tims;  Tha  maxim^ai  timo  raqulrad  to 
clianga'TraiTrgrvan  function  and  range  to  a  nav 
function  and  range  shall  not  oxoaad  23  mlUi- 
saoonds. 
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Appendix  5 
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Purchase  Description 
Oscillator  95<Mi  -  1250  MC 


1.  Scope 

1.1  This  purchase  description  covers  the  general,  and  detail  req.uirements  of  a 
prograaonable  signal  generator  which  generates  microwave  power  in  the 
frequency  range  of  950  to  1250  megacycles. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirmnents 

3.1  Oeneral  Purchase  Description;  The  requirements  of  general  purchase  des- 
cription  Ho.  MDIIE-PD-63  apply  as  requiremento  of  this  purchase  descrip¬ 
tion.  When  the  two  piirchase  description  conflict,  this  purchase  descrip¬ 
tion  shall  govern. 

3.2  Reliability 

3.2.1  Service  Life;  10,000  hours  min.  for  control  equipaMnt.  1,000 
hours  min.  for  microwave  tubes. 

3.3  Detail  Performance  Requirements 
3<3*1  General 

3.3 ‘I'l  Frequency  Ramge;  950  to  1250  megacycles. 

3.3>1«2  Frequency  Resolution;  1  megatcycle 

3*3«1*3  Frequency  Accuracy;  +0.001^t 

3. 3. 1.4  Frequency  Stability;  +.0005^1  per  week 

3. 3 •1*5  Power  Output  Rauige;  -10  dbm  to  -100  dbm  in  5  db  steps 
into  coaLxial  load  (VSWR  I.5  max.) 

3.3«1*6  Power  Output  Accuraicy;  +2.0  db 

3. 3-1-7  Pulse  auid  Amplitude  Modulation;  Pulse,  O-6OOO  pps, 
pulse  width  0.3  -  5.0  usee,  from  external  generator, 
source  iaqpedamce  50  ohms.  Sinusoidal  amplitude  modu¬ 
lation,  15  -  135  cps,  externaLl  generator,  source  Im- 
pedamce  50  ohms,  modulation  depth  15^  -  30)(. 

3.3.2  Progrsmming 

3 .3 >2.1  Program  Code;  8-4-2-1  BCD 
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3 >3 *2. 2  Progrmnlng  Devlceg;  Solid  state  and  electromechanical 

svl  tehee. 

3*3*2.3  Programmed  Functlone; 

a.  External  line  supply 

b.  R.F.  frequency 

c.  R.F.  power 

d.  Mode  C.W./Pulsed/Slnusoldal  modulation 

3*3 *2.4  Programming  Time;  3  seconds  maximum 

3 *3 *2 *3  Warm  Up  Time;  ^  minutes  maxlrnian 
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Appendix  6 

Purchase  Description 
Oscillator  8.5  KMC  -  12.4  KMC 


1.  Scope 

1.1  This  purchase  description  covers  the  detailed  requireisents  for  a  program- 
oable  signal  generator  in  the  8.5  to  12.4  KMC  range. 

2.  Applicable  Docuaents  (MDIII-FD-63) 

3.  ReqpirsBientB 

3.1  General  Purchase  Description;  The  requirements  of  general  purchase  des- 
erlption  Ho.  MCHE-PD-63  apply  as  requirements  of  this  purchase  description. 
Vfhen  the  tvo  purchase  descriptions  conflict,  this  purchase  description 
shall  govern. 

3.2  The  unit  shsdl  perform  its  designated  function  successfully  vlthln  the 
operational  and  life  requirements  designated  herein. 

3.2.1  Service  Life;  10,000  hours  min.  for  control  equlpa»nt. 

1,000  hours  min.  for  microwave  tubes. 

3*3  Design 

3.3<1  Controls ;  An  auxiliary  on-off  switch  shall  be  provided  in  an 
accessible  location.  All  other  functions  are  to  be  performed 
from,  a  remote  source. 

3*4  Detail  Performance  Requirements 

3>4.1  Genersil 


3.4.1.1 

Power  Requirements:  105  -  125  volts  AC,  53  to  420  cycles 
single  phase. 

3.4. 1.2 

Frequency:  8.5  to  12.4  KMC 

3.4.I.3 

Frequency  Accuracy:  .001%  of  programed  value, 
zatlon  time  3  seconds  max. 

StablU- 

3.4.I.4 

Frequency  Stability:  +.0005%  per  week 

3.4. 1.5 

Output:  +40  to  -100  dbm,  50  ohms 

3.4.I.6 

.  Modulation:  Unit  shall  be  capable  of  being  externally 
asqtlltude  modulated  by  a  .3  to  4.5  usee  pulse  at  a  pulse 
rate  of  180-2000  pps  and/or  a  10  to  5OO  cps  sine  wave.  A 
10  volt  peak  pulse  and/or  sine  wave  fron  a  50  ohm  source 
shall  result  in  100%  modulation. 
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Output  Abiolute  Acevuracys  +2  dbn  of  progrumed  value« 

3 •^•1*8  Prograaalng;  All  progrunlng  will  be  done  by  applying 
externally  supplied  DC  levels  to  the  signal  generator 
control  lines. 

3 <4. 1.9  Progrsn  Code:  8>4-2-l  BCD 
3>4.1.10  Functions  Progrs— sd; 


3 <4. 1.10.1  Frequency:  Frequency  shall  be  programaable  In 

1  NC  steps  from  8.^  to  12.4  KMC. 

3.4.1.10.2  Output t  Output  shall  be  programmable  In  5  <ib 
steps  from  4  40  to  -  100  dbm. 


3.4.1.10.3  Modulation!  Modulation  shall  be  programsiable 
as  CW,  pulse,  sine  wave,  sine  wave  and  pulse. 


3 >4.1.10.4  Progrfmmlng  Time;  The  tlsw  required  to 

change  from  a  given  function  and  range  to  a  new 
function  and  rai:ge  shall  not  exceed  2^  mlUl- 
secozkLs. 
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Appendix  7 


Purchaae  Deeerlptlon 
100  MC  Video  Amplifier 


Scope 

1.1  This  Purchase  Description  covers  the  general  and  detail  requlreaents 
for  a  vide  band  AC  aoplifier. 

Applicable  Documents  (MDNE-PD-63) 

Requlreaents 

3.1  General  Purchase  Description:  The  requlreaents  of  general  purchase 
description  Mo.  MDNE-PD^B  apply  as  requirements  for  this  purchase 
description.  When  the  tiro  purchase  descriptions  conflict,  this  purchase 
description  shall  govern. 

3.2  Reliability 

3.2.1  Service  life.  10,000  hrs.  nin. 

3.3  Detail  Performance  Requlreaents 

3.3.1  Frequency  Response.  When  operating  into  matched  load  it  shall 

be  down  no  more  than  3  100  KD  and  120  MC. 

3.3.2  Gain  shall  be  approximately  20  db,  adjustable  by  6  db. 

3.3.3  Input  laqMdance  200  ohms. 

3.3.^  Output  impedance  3OO  ohms 

3.3.5  Hblse  figure  less  than  10  db. 

3.3.6  Rise  time  approximately  .OO3  usee.  (I0)t  to  90^)  vith  no  appreciable 
overshoot. 

3.3.7  Delay  characteristics  shall  be  approximately  .014  usee. 

3.3.8  ifa-riiwi  output  voltage  shall  be  15  volts  peak  to  peak. 


Appendix  8 
Purchase  Description 

Progranmable  Pulse  Qenerator 


Scope 

1.1  This  purchase  description  covers  the  general  and  detail  requirements  of 
a  prograamahle  pulse  auod  pulse  code  gexmrator  vhlch  generates  pulses, 
pulse  pairs,  and  hursts. 

Applicable  Docunents  (MDNE-FD-63) 

Requlrenents 

3.1  General  purchase  description:  The  requirements  of  general  purchase  des¬ 
cription  Ho.  MDHE-PD-63  apply  as  requirements  of  this  purchase  descrip¬ 
tion.  When  the  tvo  purchase  descriptions  conflict,  this  purchase  des¬ 
cription  shall  govern. 


3.2  Detail  Performance  Requlrea^nts 


3*2.1  General 


3. 2. 1.1  Input  Power:  105  to  125  VAC,  55  to  420  cps  single 
phase.  Heutrsil  must  he  kept  floating  and  Isolated. 


3.2.1.2 

3.2.1. 3 


t:  30  sec.  maoc. 


srvlce  Life):  10,000  hours  min. 


3. 2. 1*4  Modular  Construction :  The  pulse  gexierator  shall  comprise 
the  following  modules,  as  xweded: 

a.  Stable  osclllator(s),  fixed  frequency  dividers  (4'  decades), 
and  frequency  selection  gates. 


h.  Three -decade  program  storage  and  counter,  fast  preset 

(two  to  four  required). 

c.  Three -decade  program  storage  and  counter,  slow  preset 
(tvo  required^ 

d.  Sequence  control  logic. 

e.  Output  amplifiers  axkl  attenuators. 


3.2.2 


3. 2. 2.1  Code:  All  nvoaerlcal  values  shall  be  enqpressed  In  the 
8-4-2-1  BCD  code  (vlth  the  most  slgnlflcai^  digit  allowed 
values  up  to  15). 
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3 *2 .2 .2  Procfa  CniMiifli  Program  Information  shall  be  received 
as  logic  levels  on  a  "message  bus",  on  which  the  In¬ 
formation  content  shall  not  change  more  than  once  per 
millisecond. 

3 *2 .2. 3  Prograamdjag  Time:  The  maximum  time  required  to  change 

frost  a  given  program  to  a  nev  program  shall  not  exceed 
6  milliseconds  per  address  plus  10  milliseconds  for 
relay  operation.  So  more  than  six  addresses  shall  be 
required  to  set  up  a  cosqpletely  new  program. 

3.2. 2. 4  Functions  to  be  progrsmsedt 

a.  Pttlsm  repetition  rate  (in  terms  of  period). 

b.  Trlggerlng/gatlngi  Internal  standard,  Internal  alterna¬ 

tive,  or  external  source. 

c.  Pulse  width. 

d.  Pulse  code  (pairs,  burst,  etc.). 

e.  Pulse  Interval  (pair  or  burst). 

f.  Pulse  amplitude  and  polarity. 

g.  Modulation,  amplitude;  selected  discrete  functions. 

3.2.2. 3  Program  Indicators:  Provision  shall  be  made  for  monitor¬ 

ing  the  state  of  each  program  storage  register. 

3.2.3  Frequencies  Qenerated 

3.2.3*!  Stable  Oscillator t  The  frequency  of  the  local  oscillator 
shall  be  10  megacycles  per  second,  accurate  to  one  part 
In  10^  per  week  or  better.  Provision  shall  be  made  for 
a  second  oscillator  of  aimllar  physical  dimensions  and 
power  requirements,  with  output  frequency  between  one 
auod  ten  swgacycles  as  required  for  special  purposes. 

3. 2. 3 *2  Fixed-Frequency  Square  Waves;  By  frequency  division 
alternately,  by  factors  of  two  amd  five,  the  following 
fixed  frequencies  shall  be  generated  as  square  waves 
with  noslnally  duty  cycle,  and  less  than  lOfi  over¬ 
shoot  and  droop: 


10  1C 

5  MC 

1  1C 


300  KC 
100  XC 


30  KC 
10  XC 


KC 

KC 


3.2.3.3 


It  shall  be  possible,  under  program  control,  for  this 
divider  chain  to  be  driven  by  the  second  oscillator 
mentioned  In  the  preceding  paragraph. 

Trigger  Selection:  Provision  shall  be  made  for  programmed 
selection  of  any  one  of  the  above  fixed  frequencies  or  an 
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3.2. 3*3  Trigger  Selection  (contd) 

externally  -  svqpplled  pulse  to  trigger  the  preset 
counters  aentloned  In  subsequent  paragraphs.  To  obtain 
tlalng  accuracy^  the  trigger  pulse  should  rise  10  volts 
In  0.0^  usee;  but  the  counters  shall  be  capable  of  count¬ 
ing  pulses  vlth  rise  tines  up  to  1.0  usee.,  without  sup- 
plenentary  pulse  shaping  circuits.  For  slower  pulses 
and  sine  waves  a  Schmitt  trigger  circuit  shall  be  supplied. 

3. 2. 3. 4  PrograiMable  Frequency  Divider;  A  three-decade  Interval 

counter  shsdl  be  provided,  capable  of  continuous  opera¬ 
tion  from  any  of  the  above  square-wave  signals,  auod  of 
being  preset  and  resuming  countlxig  on  consecutive  cycles 
following  zero  readout,  thus  dividing  the  Input  frequency 
by  the  number  prograassi^. 

3.2. 3. 3  Period  Ranges t  By  means  of  the  above  fixed  and  program¬ 
mable  frequency  dividers,  pulses  shsdl  he  obtainable  over 
the  following  Intervals: 


Period  Range 


Resolution 


0.3  to  159»9  usee 
0.6  to  319 usee 
3.0  to  1599  usee 
6.0  to  319B  usee 
0.03  to  15.99  mlUlsec 
0.06  to  31*89  mllllsec 
0.3  to  159.9  mllllsec 

0.6  to  319*8  mllllsec 
3.0  to  1599  mllllsec 


0.1  usee 
0.2  usee 
1.0  usee 
2.0  usee 
0.01  mlUlsec 
0.02  mlUlsec 
0.1  mllllsec 
0.2  mllllsec 
1.0  mllllsec 


3. 2. 3. 6  Pulse  Width:  By  addition  of  a  three -decade  preset  counter 
Identical  to  that  described  In  pauragraph  3 *2.3 *4,  with 
associated  control  circuits,  and  operating  from  the  same 
fixed  frequencies,  provision  shall  be  made  for  program¬ 
ming  the  width  of  the  output  pulse  over  the  same  rauoges 
as  listed  directly  above.  In  nonuuL  use  the  programsed 
pulse  width  will  be  less  than  the  progranswd  period  or 
Interval  by  at  least  twice  the  width  resolution;  however, 
prograonlng  of  greater  pulse  widths  shall  not  damage 
either  the  control  or  output  circuits. 


3.2.4  Special  Output  Pulse  Codes 

3. 2. 4.1  Pulse  Pairs:  By  addition  of  a  three-decade  preset  counter 
similar*  to  that  described  In  paragraph  3 *2.3*4  with 
associated  control  circuits,  operating  from  the  same 
fixed  frequencies,  provision  shall  be  made  for  generating 


3*2. 4.1  Pttlge  P>ir»  (contd) 


pairs  of  pulses >  the  interval  between  their  leading 
edges  being  prograasable  over  the  ranges  listed  in 
paragraph  3*2. 3. 3* 

*In  nomal  use,  the  progranaed  pulse  interval  will  be 
equal  to  or  less  than  80%  of  the  programoed  pulse 
period.  While  desirable,  it  is  therefore  not  necessary 
that  this  counter  be  capable  of  being  preset  euad  re¬ 
suming  counting  on  successive  cycles  of  the  10  1C 
oscillator;  however,  the  counter  shsJJ.  be  preset  and 
ready  to  resume  counting  within  ten  microseconds  after 
zero  readout. 

3.2. 4.2  Pulse  Trains:  A  three-decade  preset  counter  shsill  be 
provided  identical  to  that  described  in  the  preceding 
paragraph,  with  associated  control  circuits,  and  opera¬ 
ting  frcB  one  of  three  sources: 

a.  Any  one  of  the  fixed  frequencies. 

b.  Zero-read-out  of  the  period  counter  of  para.  3. 2. 3. 4. 
e.  External  trigger  pulses 

^  this  means  provision  shall  be  made  to  limit  the  dura¬ 
tion  of  a  train  of  pulses  (or  pulse  pairs). 

a.  To  a  programaed  leiigth  of  time. 

b.  To  a  programmed  number  of  pulses. 

c.  By  an  external  control 
3.2.3  Output  Amplitude 

3.2.3.^  Prograimsable  Amplitudes:  Pulse  amplitude  control  shall 
be  provided  by  progranwble  amplifiers  and  attenuators, 
either  plug-in  subchasses  or  ccsqpanion  19-inch  rack- 
nounted  units,  and  shsdl  cover  the  following  ranges: 


Pulse  Amplitudes 

Resolution 

Accuracy 

Impedance 

Rise  Time 

+0.1 

-  10  V 

0.1  V 

+.03  V 

30  ohms 

0.03  us 

+0.3 

-  75  V 

0.3  V 

+0.1  V 

93  ohms 

0.03  us 

+  1 

- 130  V 

1.0  V 

+0.2  V 

93  ohms 

0.10  us 

+  10 

-  300  V 

10.0  V 

+  2  V 

600  ohms 

0.3  us 

3. 2. 3. 2  Amplitude  Modulation:  In  the  •fO.3  to  73  V  an^litude 

range,  provision  shall  be  made  to  supply  pulses  with 
averaM  asvlfiude  between  -t-3  V  and  +30  V,  BK)dulated  up 
to  30jk  by  a  sine  wave  signal  of  0  to  10  V  rms  at  10  cps 
to  1000  cps.  The  rise  time  and  fall  time  of  the  nodu¬ 
lated  pulses  shall  not  be  degraded  beyond  2.3  micro¬ 
seconds. 
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Appexuilx  9 
Purchase  Description 

PrograMsble  Delay  Generator 


Scope 

1.1  This  purchase  description  covers  the  requirements  of  a  single  unit  for 
generating  a  pulse  vhlch  Is  delayed  a  discrete  programmed  tine  from  an 
Initiating  or  trigger  signal,  using  vacuum  tubes  and/or  solid  state 
devices . 

Applicable  Documents  (MDia>FD-63) 

Requirements 

3*1  General  Purchase  Description:  The  requirements  of  general  purchase  des- 

crlptlon  Ho.  Mnil-FD>^3  apply  m  requirements  of  this  purchase  description. 
Wien  the  two  purchase  descriptions  conflict,  this  purchase  description 
shall  govern. 

3.2  Reliability 


3.2.1  Service  Life;  10,000  hours  min. 


Detail  Performance  Reqj^rements 


3.3.1  General 


3.3*1*1  Warn  Up  Time;  30  sec.  max. 

3.3*1*2  Modular  Construction;  The  delay  generator  shall  com¬ 


prise  the  foUovlng  modules: 

a.  Stable  oscillator,  fixed  frequency  dividers  (6  decades) 
and  timing  and  frequency-selection  gates. 

b.  Three-decade  program  storage  and  preset  counter,  with 
readout  drivers. 


3.3.2 


3.3.2.!  Code;  The  three-digit  nuswrlcal  value  of  delay  shall 
be  expressed  In  the  8-4-2-1  BCD  code,  with  the  most 
significant  digit  allowed  values  up  to  1^. 

3. 3. 2. 2  Program  Ccamiand;  Program  Information  shall  be  received 

as  logic  levels  on  a  "message  bus",  on  vhlch  the  In¬ 
formation  content  shall  not  change  more  than  once  per 
millisecond. 


I 
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from  a  given  delay  value  and  range  to  a  completely  nev 
delay  value  and  range  shall  not  exceed  ten  milliseconds 


3*3*2*4  functions  to  be  Progrsimsed: 

a.  Delay  range 
h.  Delay  value 

c.  Start  source:  extemal>  Internal,  or  second  delay 
generator. 


3.3*3  Functional  Description 

3.3.3.1  Stable  Oscillator t  The  frequency  of  the  local  oscillator 
shall  be  1,  2,  3  fix*  10  megacycles  per  second,  accurate 

to  one  part  In  10'  or  better. 

3.3.3. 2  Fixed  Frequencies  Available;  By  means  of  stable  fre¬ 
quency  dividers  several  fixed  frequencies  shall  be 
avllable  to  the  preset  counter.  Including  at  least  the 
foUovlx^g: 

1  MD,  10  KC,  100  CPS,  1  CPS 

3*3*3*3  Delays  PrograaaMthle ;  A  three-decade  preset  counter, 
vlth  program  storage  register  If  necessary,  shall  be 
provided.  By  means  of  selection  gates  and  control  logic, 
provision  shsdl  be  made  to  operate  this  counter  at  each 
of  the  frequencies  listed  above,  and  thus  to  generate 
time  delay  programmable  over  the  following  ranges  of 
values : 


Delay  Range 


Resolution  Accuracy 


3.0  to  1599  usee. 

0.3  to  159.9  minisec. 
0.03  to  15.99  **c. 

3.0  to  1599  "oc. 


1.0  usee. 

0.1  mlUlsec. 
10  mlUlsec. 
1.0  sec. 


1.0  usee. 

1.0  usee. 

1.0  mlUlsec. 
25  mlUlsec. 


3*3*3*^  Start  Source;  Provision  shauU  be  made  to  select  any  one 
of  the  f oUowlng  Iteae  Inputs  as  source  for  the  timing 
pulse  idxlch  Indicates  the  start  of  the  delay: 


a.  Program  command  pulse. 

b.  External  pulse  at  logic  levels  (positive-going). 

c.  External  pulse  through  50:1  protective  attenuator. 

3*3*3 *5  Output  Pulse:  At  the  termination  of  the  programmed  delay 

a  positive  going  output  pulse  with  a  rise  time  of  approxi¬ 
mately  0.1  microsecond,  and  a  duration  of  one  to  five 
microseconds  shaU  be  generated. 
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Appeodlx  10 

Purchaae  Description 
10  MC  Video  Amplifier 


!•  Scope 

1.1  This  Purchase  Description  covers  the  detailed  requirements  for  a  program- 
auible  video  amplifier.  This  aatpllfler  Is  capable  of  amplifying  frequencies 
up  to  10  IC  at  given  constant  gains  and  vlth  different  Input  impedances. 

2.  Applicable  Documents  (MraiE-PD-63) 

3.  Requirements 

3*1  Qsnsral  Purehaae  Beserlntlon;  The  requirements  of  general  purchase  des- 
crlptlon  Ro.  KIXlBrFD*63  hpp^  M  requirements  of  this  purchase  description 
vhen  the  tvo  purchase  descriptions  conflict,  this  purchase  description 
shall  govern. 

3.2  The  unit  shall  perfozn  Its  designated  function  successfully  within  the 
operational  and  life  requirements  designated  herein. 

3*2.1  aervloe  Life;  10,000  hre.  min. 

3*3  Jeelgn 

3.3*1  All  functions  are  to  be  performed  from  a  remote  source. 

3*3*2  Power  Requirements 

3*3*2*1  Power  Volte«e ;  10^  to  12^  volts  AC  single  phase. 

3. 3*2. 2  Power  Preouency;  55  to  400  cps. 

3*4  Detailed  PerfnT«>n«»  Requirements 

3*4.1  Bandpass;  3  ^  bandpass  1  KC  to  10  MC 

Response  down  at  least  20  db  per  octave  above  10  MC. 

3*4.2  Gain:  Frograsioable  0-10-20  db. 

3*4.2.!  Gain  Tolerance!  +  .Idb  of  setting. 

3*4.3  Input  *  Programmable  50  ohms  or  1  megohm. 

3.4.4  Output  TmTiedanne;  50  Ohms 

3. 4. 4.1  Output  Volta*  10  volts  max. 
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10  MC  Video  Amplifier 


(Contd) 


3.4.5  Noise  Figure;  Less  than  7  db. 

3.4.6  Prnffj-rnmilng 

3. 4. 6.1  All  prograionlng  will  be  done  by  applying  externally  supplied 
DC  levels  to  control  lines. 

3. 4. 6. 2  Progranmilng  time  shall  not  exceed  25  milliseconds. 
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Appendix  JJ. 

Purchase  Description 

Prograousahle  Transfer  Oscillator  5  "  175  ^*3 


1.  Scope 


1.1  This  Purchase  Description  covers  the  detailed  requirements  for  a  pro- 
gremmable  transfer  osolllmtor  and  mixer  for  frequency  measurements  In 
the  range  of  3  *■  175  M!!. 

2.  Applleahle  Documents  (MDNE-PD-63) 

3.  Requirements 

3*1  Oenerad  Purchase  Description;  The  requirements  of  general  purchase 
descrlp'tion  So.  ifclNll-PD-bi  epply  es  requlreoMnts  of  this  purchase  des¬ 
cription.  When  the  tvo  purchase  descriptions  conflict,  this  purchase 
description  shall  govern. 

3.2  The  unit  shall  perform  Its  designated  function  successfully  within  the 
operational  and  life  requirements  designated  herein. 

3.2.1  Service  Llfet  10,000  hours  min, 

3.3  Design 

3.3.1  Controls:  An  auxiliary  on-off  switch  shall  he  provided  in  an 
iccessIFle  location.  All  other  functions  are  to  be  performed  from 
a  remote  source. 

3.*<-  Detailed  Psrfoimance  Requirements 


3.4.1  General 

3. 4. 1.1 

Power  Requirements:  105-125  VAC  -  55  -  420  cps  single 

phase . 

3. 4. 1.2 

Sensitivity:  .1  V  RMS 

3. 4. 1.3 

Frequency  Rsuige ;  5  -  175  MC 

3. 4. 1.4 

Resolution :  10  MC 

3. 4. 1.5 

Ac  curacy :  .  OOOOl'jt 

3. 4. 1.6 

Power  Output :  10  milliwatts 

3. 4. 1.7 

Programming:  All  programming  will  be  done  by  applying 
extemsdly  supplied  DC  levels  to  the  transfer  oscillator 
control  lines. 
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Prograapjable  Transfer  Oscillator  5  -  175  (Contd) 

3. 4. 1.7.1  Fxmetlons  Programmed 

3. 4. 1.7. 1.1  Frequency  in  10  MC  steps  from 

5  to  175  MC. 

3. 4. 1.7. 2  Progranalng  Time ;  Maximum  time  to  change  from 
one  frequency  io  another  shall  be  25  milliseconds. 


Appisni>.i.i!; 


Purchase  Description 

Progrsanable  Transfer  Oscillator  I65-605  MD 


1.  Scope 

1.1  This  Purchase  Description  covers  the  detailed  requlrsMnts  for  a  progrssi- 
aukble  transfer  oscillator  and.  mixer  for  frequency  measursasnts  in  the 
range  of  I63-605  1C. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 


3.1  General  Purchase  Description:  The  requirements  of  general  purchase  des- 
crlptlon  'iro.^ffRl-n«lb3  appS-y  ea  requlremente  of  this  purchase  description. 
When  the  two  pujrchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  unit  shall  perform  Its  designated  function  successfully  within  the 
operational  and  life  requirements  designated  herein. 

3.2.1  Service  Life;  10,000  hours  min. 

3.3  Design 

3.3.1  Controls ;  An  auxiliary  on>off  switch  shall  be  provided  In  an 
aoeesslV)le  location.  All  other  functions  are  to  be  performed 
from  a  remote  source. 

3<^  Detailed  Perfoimance  Requirements: 

3.4.1  General 

3. 4. 1.1  Power  Requirements;  10^-12^  VAC  ^^>420  cps  single  phase. 

3. 4. 1.2  sensitivity;  .1  V  RMS 

3. 4. 1.3  Frequency  Range;  I65-605  MC 

3. 4. 1.4  Resolution ;  10  MC 

3. 4. 1.5  Accuracy ;  .0001^ 

3. 4. 1.6  Power  Output;  10  milliwatts 

3 .4. 1.7  ProgrsMlng;  All  prograaailng  will  be  done  by  applying 
externally supplied  DC  levels  to  the  transfer  oscillator 
control  lines. 
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Prograatablt  Tranefar  Otclllator  165-603MC  (Contd) 


3*4. 1.7*1  Functions  Programaed 

3. 4. 1.7. 1.1  Frequency  In  10  MO  steps  fras 
165-605  MO. 

3. 4. 1.7.2  Progreailng  Tlae;  Maxloui  tlae  to  change  tram 

one  frequency  to  another  shall  he  25  milliseconds. 


Appendix  I3 
Purchaa*  Description 

ProgTSODUible  Transfer  Oscillator  U73-1^25  MO 


1.  Scope 

1.1  This  Purchase  Description  covers  the  detailed  requirements  for  a  program* 
mable  transfer  oscillator  and  mixer  for  frequency  measurements  In  the  range 

of  475-1525  MC. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3.1  General  Purchase  Description i  The  requirements  of  general  purchase  des- 

cription  Mo.  apply  as  requlresNnts  of  this  purchase  description. 

When  the  tvo  purehaee  descriptions  conflict,  this  purchase  description  shall 
govern. 

Z.2  The  unit  shall  perfozm  Its  designated  function  siiocessfully  vlthln  the 
operational  and  life  requirements  designated  herein. 

3.2.1  Service  Life;  10,000  houre  min. 

3.3  D»tign 

3.3*1  Contract  An  auxiliary  on-off  svltch  shall  be  provided  in  an  aeces- 
slble  location.  All  other  functions  are  to  be  perfozmsd  from  a  re¬ 
mote  source. 

3.4  Detailed  Performance  Requirements 

3.4.1  General 

3. 4. 1.1  Poieer  Requirements;  105-125  V  AC  55  -  420  cps  single  phase. 

3. 4. 1.2  Sensitivity:  .1  V  RMS 

3. 4. 1.3  Frequency  Bangs:  475-1 525  NO 

3. 4. 1.4  Resolution;  10  MG 

3. 4. 1.5  Accuracy:  .0005^1 

3*4. 1.6  Pover  Output:  10  milliwatts 

3 .4. 1.7  ^ogrsmnlng :  All  progrsmmlng  will  be  done  by  applying  ex- 
ter^ly  'supplied  DC  levels  to  the  transfer  oscillator  con¬ 
trol  lines. 
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Proirwt^''*  Oiolllator  473-1525  MC  (Contd) 


3. 4. 1.7.1  Functions  Programmed 

3. 4. 1.7. 1.1  Frequency  In  10  MC  steps  from 
475  to  1525  MC. 

3. 4. 1.7. 2  Progrsmmlng  Tine ;  Maximum  time  to  change  from 
one  frequency  to  another  shall  he  25  milli¬ 
seconds. 
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Appendix  14 
Purcimae  Desorlptlon 

Prograamabla  Transftr  Oselllator  1.473*‘12«4  KMC! 


1.  Scope 

1.1  Thle  PurohMe  Description  ooTers  the  detslled  req,ulreasnts  for  a  progrea- 
aeble  transfer  oscillator  and  alxsr  for  frequency  Masuroaenta  In  the  range 
of  1.475-12.4  KMC. 

2 .  Applicable  Docuaents  (MDNE-PD-63) 

3.  Requirements 

3.1  General  Pyohase  Description »  The  requirements  of  general  purchase  des- 
crip^lw’llorTDRI«n-b3Vpply  as  requlrsaents  of  this  purchase  description. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  unit  shall  perfom  Its  designated  function  successfully  within  the 
operational  and  life  requirements  designated  herein. 

3<2.1  Service  Life;  10,000  hours  aln. 

3.3  Design 

3.3.1  Controls :  An  auxiliary  on-off  switch  shall  be  provided  In  sa  aoces- 
slDle  location.  All  other  functions  are  to  be  perfoimed  from  a  remote 
source. 

3 >4  Detailed  performance  requirements 
3*4. 1  General 

3*4. 1.1  Power  Requlreaents ;  105-125  V  AC  55-420  ops  single  phase 

3. 4. 1.2  Sensitivity:  .1  V  RMS 

3*4. 1.3  Frequency  Range:  1.475  -  12.4  KMC 

3*4. 1.4  Resolution:  100  MC 

3*4. 1.5  Accuracy:  .0005^ 

3 *4. 1.6  Power  Output:  50  milliwatts 

3«^*1*7  Prograinlog:  All  programming  will  be  done  by  applying  ex- 

ternally  Applied  DC  levels  to  the  transfer  oscillator  control 
lines . 
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Appendix  15 

Purchase  Description 

PrograsBiahle  Noise  Qenerartor 


1.  Scope 

1.1  This  PurchMe  Description  covers  the  detailed  requirement  for  a  program- 
nahle  noise  ganarator.  This  instrument  is  capable  of  generating  vide  band 
vhlte  noise  with  programmable  output  impedances  and  amplitude. 

2.  Applicable  Documents  (Mrara-PD-63) 

3.  Recuiremehts 

3.1  general  Purchase  Description.  The  requirements  of  general  purchase  des- 
crlption  Noi  MnErFO-63  apply  as  requirements  of  this  purchase  description. 
Vhen  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  unit  shall  perfom  its  designated  function  successfully  vlthln  the 
operational  and  life  requirements  designated  herein. 

3.2.1  aervice  Life;  10,000  hours  min. 

3<3  D«»igP 

3«3«1  Controls ;  An  auxiliary  on-off  switch  shall  be  provided  in  an  aoces- 
•iblel  location.  All  other  functions  are  to  be  perfonsed  from  a  re¬ 
mote  source. 

3.4  Detail  Perforaance  Requirements 

3.4.1  general 

3*4. 1.1  Prequencyt  1  ops  to  2  K  1C 

3. 4. 1.2  Output:  23  db  max.  programmable  1  db  steps,  1  ops  to  10  MB 
13  db  in  1  db  stsps,  10  MB  to  2  K  MB 

2.4. 1.2.1  Accuracy:  +  .3  db 

2. 4. 1.2. 2  Output  30,  70,  100  and  3OO  ohms 

programmable  above  10  MB. 

2. 4.1. 2. 3  Output  connectors  BNC,  SM  and  N 

3.4. 1.3  Power  Requirements:  I03  -  123  VAC,  30  to  400  cycle  single 
idiase. 


Progr— ■.'bit  HolM  CteMimtor  (Oontd. ) 


ProgriwlTig;  All  programalng  will  'b«  dona  by  applying 
extamally  supplied  DC  levels  to  the  control  lines. 


3. 4. 1.4.1 


Output  ProcprsBBilng:  Output  shall  be  progrsm- 
aSbte  Tn  IJb  s^eps  f roBi  1  to  2^db . 


3. 4. 1.4. 2  Output  lapedsnoe  shall  be  progrsaswd  to  be  30, 
70,  100  or  300  otasui  abovs  10  MO. 

3.4. 1.4. 3  ProgrsMlng  tlas  shall  not  sxosad  2$  mlUl- 
■sooada. 


Append,lx  l6 

PurchMS  Description 
Oscillator  2  KMC -4  KMC 


1.  Scops 

1.1  This  Purchass  Description  covers  the  detailed  requlreoents  for  a  progzam- 
mable  signal  generator  In  the  2  to  U  KMC  range. 

2.  Applicable  Documents;  MEKE-PD-63 

3.  Requlrenents 

3.1  fleneral  Pmfchaae  PMcrlptloa ;  The  requlreaents  of  general  purchase  dss* 
orlpllon  No.  HEffirl^-63  dpply  M  requireeents  of  this  purohMe  dssorlptlon. 
When  the  tvo  purchase  descriptions  conflict,  this  purchase  descrlptlcn  shall 
govern. 

3.2  The  unit  shall  perfons  Its  designated  function  successfully  vlthln  the 
operational  and  life  requiraaents  designated  herein. 

3.2.1  Service  Life;  10,000  hours  nin. 

3.3  Design 

3.3.1  Controls;  An  auxiliary  on-off  switch  shall  be  provided  In  an 
accessl'ble  location.  All  other  functions  are  to  be  perfozsMd  fron 
a  raaote  source. 

3.^  Detail  Psrfomance  Requirenante 

3.4.1  general 

3*4. 1.1  P^r  Requlrenents ;  109-12$  volts  AC  $9  to  420  cycles 
single  phase. 

3*4. 1.2  rrequency  Usage i  2-4  KMC 

3*4. 1.3  Fre wncy  ^cua^y i  .001^  of  prograaaed  value.  Stabl- 
lisMlCQ  tlas  3  seconds  aax. 

3. 4. 1.4  Output ;  •l•34  to  -100  dbn  90  ohaa 

3*4. 1.5  Output  Absolute  Accuracy;  +  I.9  dbn  of  prograsned  value. 

3*4.1.6  Modulation ;  The  unit  shall  be  capable  of  being  externally 

smplltu4e"aodulated  by  a  .3  to  9  usee  pulse  at  a  pulse  rate  of 
200-3000  ppe  and/or  a  10  to  900  epe  sine  wave.  A  10  volt  peak 
pulse  and/or  sine  wave  from  a  90  ohm  source  shall  result  In 
100;(  aodulation. 
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OBClllator  2  KMC  -  4  KMC  (Ccntd) 


3 *4. 1.7  Progru^ng;  All  prograamlng  vlll  be  done  by  applying 

externally iupplled  DC  levels  to  the  signal  generator  oon> 
trol  lines. 


3. 4. 1.8  Program  Code;  8-4-2-1  BCD 


3.4. 1.9  Functions  Prograaned 

3. 4. 1.9.1  Freguanoy t  Frequancy  shall  ba  programmable  In 
lOTmoTEeps  frcm  2  to  4  KMC. 

3.4. 1.9. 2  Output;  Output  shall  be  prograasuibla  In  1  dbm 
siapa  from  +  34  to  -  100  dbm. 


3. 4. 1.9. 3  Modulation;  Modulation  shall  ba  programmable 

pulaa,  slna  vava,  slna  vava  and  pulse. 

3. 4. 1.9. 4  ^ograamlng  Time;  The  maximum  time  required  to 
eka^  from  a  given  function  and  range  to  a  nev 
function  and  range  shall  not  exceed  23  allll> 
seconds . 
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Appendix  IT 
Purchase  Description 
Oscillator  12.4  KMC-I8  KMC 


1.  Scope 

1.1  This  Purchase  Description  covers  ths  detailed  requlreoMuts  for  a  program¬ 
mable  signal  generator  In  the  12.4  nc  to  I8  KMC!  range. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3.1  General  Purchase  Description;  The  requirements  of  general  purchase  des- 
crl^ion  HoV  RSRBrHT-bV ap^y  as  requirements  of  this  purchase  description. 
When  ths  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern . 

3.2  The  unit  shall  perfom  Its  designated  function  successfully  vlthln  the 
operational  and  life  requirements  designated  herein. 

3.2.1  Service  Llfet  10,000  hours  min. 

3.3  Design 


3*3*1  Controls ;  An  auxiliary  on-off  switch  shall  be  provided  In  an  acces- 
tiiljle' location.  All  other  functions  are  to  be  perfozaed  from  a  remote 
source. 


3.4  Detail  Perfoimance  Requirements 
3*4.1  General 


3. 4. 1.1 

3. 4.1. a 

3. 4. 1.3 

3. 4. 1.4 


Power  Rsqulrsswnts t  103-123  volts  AO  39  to  420  oyoles 
single  pnase . 

Frequency ;  12.4  KMC  to  I8  KMC 

Frsquyioy  Aoouraoyt  .01^  of  programed  value.  Stabilisation 
tins  3  seoonu  max’. 

Output !  +  10  dbm  to  -  90  dbm  into  50  ohms . 


3 -4. 1.5  Output  Absolute  Accuracy;  +  2  dbm  of  programmed  value. 

3. 4. 1.6  Modulation ;  Unit  shall  be  capable  of  being  externally  ampli- 
tude  modulated  by  a  .5  to  3  usee  pulse  at  a  pulse  rate  of 
150-2000  pps.  A  10  volt  peak  pulse  from  a  50  ohm  source  shall 
result  in  100^  modulation. 
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Oscillator  12.4  KMC  -  l8  KMC  (Contd) 


3.4.1. 7  ft-ograiMlng;  All  prograanlng  will  b«  dona  by  applying  #x- 
tarnally  suppliad  DC  lavala  to  tha  signal  ganarator  control 
llnas . 


3*4. 1.8  Prograa  Codat  8-4-2-1  BCD 
3. 4. 1.9  Punctiens  Progrtaasd 


3. 4. 1.9.1  Fracyncy;  Fraquancv  sball  ba  prograoaabla  in 
lo  MC  stops  frCB  12.4  KMC  to  18  KMC. 

3. 4. 1.9.2  ^tput ;  Output  shall  ba  prograssubla  in  10  db  stops 
trcm  +  10  dbsi  to  >  90  dXm. 

3. 4. 1.9. 3  Ifodu^htiou!  Modulation  shall  ba  progrsaMbla  as 
Sj^^T'or'pursa . 

3. 4. 1.9*4  I^ograa^ng  Tlas  t  Tha  iMOflaua  tias  raq.ulrsd  to 
coanga  froa  a  givan  function  az\d  raaga  to  a  nav 
function  and  ranga  shall  not  axcoad  23  aim- 
saconds. 


Appendix  l8 

ParchMe  Description 

Prograana'ble  Ratio  Transformer 


1.  Scope 

1.1  This  Purchase  Description  covers  the  detailed  requirements  for  a  pro- 
grsamable  ratio  transf oxmer .  This  Instrument  Is  capable  of  supplying 
accurate  programmable  AC  voltages  from  an  accurate  fixed  supply. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3.1  fienerAi  Purchase  Description;  The  requirements  of  general  purchase  des- 
crlptlon  No.  MDllE-PD-63  Apply  M  requirements  of  this  purchase  description. 
When  the  tvo  purchase  descriptions  conflict,  this  purchase  description  shell 
govern. 

3.2  The  unit  shall  perform  Its  designated  function  suooessfblly  vlthln  the 
operational  and  life  requirements  designated  herein. 

3.2.1  Service  Life;  10,000  hours. 

3«3  Design 


3«3«1  Controls !  All  functions  are  to  be  perfonoed  from  a  remote  source. 

3*4  PetaileA  ■eartaraanam  requirements. 

3.4.1  Free.  Range!  50  to  2000  cycles/sec. 

3.4.2  May.  TnTYiit  Yoltaae;  .3$  f  (f  In  ops)  330  V  max.  above  1000  ops. 

3.4.3  Resolution;  1  part  in  2^^ 

3.4.4  Accuracy;  .01^ 

3.4.3  .001)1 

3.4.6  Max.  effeotlve  series  impedance; 

Bsslstance  2  ohms,  Inftuotsnes  75  mlorohenrlss . 

3.4.7 

3. 4. 7.1  All  progreassing  vlll  be  done  by  applying  ev';emally  supplied 
DO  levels  to  control  lines. 

3. 4. 7. 2  Hex.  ProgrsMslng  time  shall  not  exceed  23  mlUlseoands . 


Appendix  19 
Purchase  Description 

ProgrsBnmhle  Resistive  Load 


1.  Scone 

1.1  This  Purchase  Description  covers  the  detailed  requirements  for  a  pro- 
graimsable  resistive  load.  The  device  is  capable  of  presenting  various 
values  of  resistance  to  a  unit  under  test . 

2 .  Applicable  Documents  (MIWE-PD-63) 

3.  TtoqiM  r^iMntw 

3.1  General  Purchase  Description:  The  requirements  of  general  purchase 
description  No.  MDNE-PD-63  apply  sis  requirements  of  this  purchase  des¬ 
cription.  When  the  two  purchase  descriptions  conflict,  this  purchase 
description  shall  govern. 

3.2  The  unit  shall  perform  its  designated  function  successfully  vlthin  the 
operational,  environmental  and  life  requlreisents  designated  herein. 

3.2.1  Sarvlae  Life:  10,000  hrs.  min. 

3.3  CUlfiL 


3.3.1  Resistor  Load:  The  resistor  load  shall  be  made  up  of  8  decade 
resistor  loads  to  give  values  of  resistance  from  0.1  ohm  to  5 
megohm.  All  decade  resistors  shall  be  connected  in  series  with 
each  other  and  with  the  output  terminals. 

3.3.2  Bwiative  Load:  Each  decade  resistor  load  shall  consist  of 
four  resistors  with  the  values  of  1,  2,  k,  and  6  times  the  tecade 
multiplier.  Decade  multipliers  will  range  frcas  10~1  to  lO***^  ohms 
in  all  integer  powers  of  ten.  The  10'*'°  decade  will  contain  only 
three  resistors  with  the  values,  of  1  x  10°,  2  x  10°,  and  4  x  10° 
ohms.  EMh  resistor  in  all  8  decades  will  be  shunted  by  a  relay 
contact.  All  relays  will  be  controlled  by  the  Decoder.  Relay  types 
will  inclu^  relays  with  high  voltage  contact  ratings  and  low  vol¬ 
tage  contact  ratings.  Relays  and  high  voltage  contact  ratings  will 
have  their  contacts  consecutively  connected  in  series  from  the  10° 
decade  through  the  10^  decade.  ,The  10^  decade  and  the  lo3  decade 
will  be  separated  by  a  SFDT  high  voltage  contact  relay.  One 
position  of  the  SPDT  relay  will  connect  the  high  voltage  section 

of  the  resistive  load  to  the  low  voltage  section.  The  other  position 
of  the  SPDT  relay  will  switch  the  high  voltage  section  of  the  re¬ 
sistive  load  to  a  high  voltage  lead-in  tensinal. 


Progr— — ■lile  Reslstlv  Load  (Contd) 


3«3*3  Cooling  1  Tb«  roslstlvo  load  anelosura  shall  ba  eoolad  by  foroad 
air  whanavar  any  raslstor  Is  antlolpatad  to  axoaad  of  Its 
power  rating.  Tha  forced  air  shall  be  progremmed  to  operate  when 
the  decoder  programs  the  resistive  load  ohmic  value.  Forced  air 
cooling  will  be  disengaged  at  the  and  of  the  test. 

3.4  Detail  Parfoxmanoa  RaQulramants 

3.4.1  Oanaral 

3. 4. 1.1  Output ;  Any  vetLue  of  resistance  from  5  x  10^  ohms  to 

10  ohms  to  three  significant  digits  shall  be  programmable 
In  the  resistive  load.  ,  Values  of  resistance  from  1.0  ohm 
to  9>0  ohsui  shall  be  programmable  to  two  significant  digits 
and  values  of  resistance  from  0.1  ohm  to  O.9  ohm  shall  be 
prograsBiable  to  one  significant  digit. 

3 >4. 1.2  Proggaagl^:  All  programming  will  ba  dona  by  applying 
axtamally  supplied  d.c.  levels  to  the  resistive  load. 

a.  Significant  Digits t  12  control  lines  from  the  decoder 
will  be  used  to  program  the  three  significant  digits  of 
the  resistive  vedue. 

b.  Raslstor  Multiplier;  4  control  lines  from  tha  decoder 
will  be  used  to  supply  the  resistive  value  multiplier. 

0.  atlaatloa  Ql  loraailMrs  one  control  line  from  tha 
decoder  will  ba  used  to  select  forced  air  cooling  whan 
power  dissipation  Is  high. 

d.  W<gh  Tnimut  Onnnant.nr  i  QnO  OOntrol  line  frOK  thS 

decoder  will  ba  used  to  select  high  voltage  input 
taralnals  for  load  application  over  300  volts. 

a.  Programming  Tima!  The  maximum  time  ra(iulred  to  change 
from  one  value  of  resistance  to  another  shall  not  exceed 
30  milliseconds. 

f .  Program  Maaorv!  Control  relays  and  circuits  shall  not 
utilize  latch-up  circuits  requiring  external  unlatch 
ccsa&ands . 

3.4.2  Load  Resistors 

3. 4. 2.1  Load  Resistors  from  10^  decade  through  10^  decade. 


Progr— >1)16  Hatlitlv  Load  (Contd) 


a.  Powar  Bating;  Tha  ra slat ore  in  this  dacada  shall 

ba  oapahie  of  dissipating  250  watts  of  powar  in  free 
air  at  2^**C.  Tam]^rature  rise  of  the  resistor  shall 
not  exceed  ^0*  centigrade  above  ambient  temperature 
at  rated  power  in  free  air. 

b.  Volta^  ^tlng;  Bach  resistor  shall  be  capable  of 
withstanding  lO  kilovolts  between  texninals  and  any 
point  on  the  resistor  and  ground. 

c.  Tolerance ;  The  value  of  each  resistor  shall  not 
deviate  from  its  nominal  value  by  more  than  2^. 

d.  Tamperattire  Coefficient;  The  resistance  value  of  each 

resistor  shall  not  vary  more  than  per  degree  centi¬ 

grade  temperature  rise  of  the  resistor. 

3 A. 2. 2  Load  Resistors  in  the  10^  Decade. 

a.  Power  Rating ;  The .resistors  in  this  decade  shall  be 
capable  of  dissipating  250  watts  of  power  in  free  air  at 
25*C.  Temperature  rise  of  the  resistor  shall  not  exceed 
50* C  above  ambient  temperature  at  rated  power  in  free  air. 

b.  Voltage  Rating;  Each  resistor  shall  be  capable  of  with- 
standing  6O6  volts  between  teiminals  and  from  any  point 
on  the  resistor  to  ground. 

c.  Tolerance ;  The  value  of  each  resistor  shall  not  deviate 
from  its  nominal  value  by  more  than  5^* 

d.  Temperature  Coefficient;  The  resistance  value  of  each 
resistor  shall  noi  vary  more  than  .005^1  per  degree  centi¬ 
grade  temperature  riee  of  the  resistor. 

e.  Inductance ;  Each  resistor  shall  be  non-inductive  up  to 
16  m.c. 

3. 4.2. 3  Load  resistors  for  the  10^,  10^,  and  lO'*’^  decades. 

a.  Power  Ratings ;  The  resistors  in  this  decade  shall  be 
capable  of  ilsslpatlng  100  watts  of  power  in  free  air 
at  25*C.  Temperature  rise  of  the  resistor  shedl  not 
exceed  50*  centigrade  above  ambient  temperature  at  rated 
power  in  free  air. 
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Proptra— ablt  Rtalstlve  Load  (Contd) 


1).  Voltage  Rating;  Each  resistor  shall  be  capble  of  vlth- 
stanilcg  boo  volts  between  Its  terminals  and  between  any 
point  on  the  resistor  and  ground. 

c.  Tolerance ;  The  value  of  each  resistor  shall  not  deviate 
from  Its  nominal  vaiLue  by  more  than 

d.  Temperature  Coefficient!  The  value  of  each  resistor  shall 
not  vary  more  ilian  6.66^  per  degree  centigrade  temperature 
rise  of  the  resistor  In  free  air. 

e.  Inductance:  Eaich.. resistor  shall  be  non-inductive  up  to 

WWT. — 

3. 4. 2. 4  Load  Resistors  for  the  10^  decade: 

a.  Power  Rating ;  The  resistors  In  this  decade  shall  be 
oapa\>le  of  llsslpatlx^g  300  watts  of  power  In  free  air 
at  23*  centigrade.  Temperature  rise  of  the  resistor 
shall  not  exceed  ^0*  centigrade  above  ambient  temperature 
at  rated  power  In  free  air. 

b.  Voltage  Bating;  Each  resistor  shall  be  capable  of  wlth- 
sianiing  bo6  volts  between  Its  texminals  and  between  any 
point  on  the  resistor  and  ground. 

^ol*yyMe  t  The  va).ua  of  each  resistor  shall  not  deviate 
frcn  iis  nominal  value  by  more  than  jft. 

d.  Twroerature  Coefficient;  The  value  of  each  resistor 
shall  not  vary  more  than  .01^  per  degree  centigrade 
temperature  rise  of  the  resistor  In  free  air. 

e.  Induotance:  Bach  resistor  shall  be  non-induotlve  up  to 

ISTTc: — 

3. 4. 2. 3  Hl^  Voltage  Resistor  Switching  Relays: 

a.  Contaot  Voltage;  Open  contacts  shall  not  break  down  at 
W  ItilovoUs. 

b.  Maximum  Contaot  Current;  Relay  oontaots  shall  be  capable 
of  oarrying  Id  amperes  of  continuous  current.  Relays  shall 
be  svltohed  oold. 
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ProarM—tolt  Bttlitlve  Load  (Contd) 


c.  Contact  Reslstanoe ;  Closed  contact  resistance  shall  not 
exceed  6.01  ohms. 

d.  Actuating  Coll;  The  relay  actuating  coll  shall  operate 
frcBi  2fe.5  volis  d.c. 

3 >4. 2. 6  Low  Voltage  Resistor  Switching  Relays: 

a.  Contact  Voltage;  Open  relay  contacts  shall  not  break 
down  at  600  volts. 

b.  Maxlaua  Contact  Current:  All  low  voltage  relay  contacts 
will  be  raied  at  10  aatperes  of  continuous  current,  except 
the  relays  In  the  ipO  decade  \dxlch  will  be  rated  at  2^ 
amperes  of  continuous  current.  Relay  contacts  shall  be 
switched  cold. 

c.  Contact  Resistance ;  Closed  relay  contact  resistance  shall 
not  exceed.  0.01  ohms . 

d.  Contact  Capacitance ;  Open  contact  capacitance  shall  not 
exceed  0.5  uu'f.'' 

e.  Actuating  Coll :  Tho  actuating  coll  shall  operate  from  26.5 
vdc . 

3 *4. 2. 7  Forced  Air  Cooling;  The  forced  air  Installation  shall  derive 
iis  powr  from  a  i05  to  125  volt  a.c.  source  and  It  shall  be 
capable  of  operating  from  both  6o  c.p.s.  and  400  c.p.s.  single 
phase  frequencies. 

3 *4. 2. 8  ^put  Connectors;  Electrical  connections  leading  out  of  the 
^ogrsana'ble  Resistive  Load  shall  be  as  follows: 

a.  One  pair  of  high  yolteige  connectors  capable  of  with¬ 
standing  10  kilovolts  to  ground  and  passing  one  ampere 
of  continuous  current. 

b.  One  pair  of  connectors  rated  at  600  volts  and  capable  of 
passing  10  amperes  of  current.  These  connectors  shall  be 
mounted  on  electrical  Insulation  capable  of  withstanding 
10  kilovolts  to  ground. 
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Progr>MMibl«  RtBlitlv  Load  (Contd) 


0.  One  pair  of  connectjsrs  rated  at  600  volts  and  capable 
of  passing  23  anpez'es  of  current.  These  connectors 
shall  be  mounted  on  electrical  Insulation  capable  of 
withstanding  10  kilovolts  to  ground. 

3*^«2«9  Circuit  Protection ;  Protection  shall  be  provided  In  the 
event  of  error  or  failure  on  the  part  of  the  progprtsnalng 
so  that  no  resistor  shall  be  overloaded  or  submitted  to 
over  potential. 


Appendix  20 

Programnalsle  Inductive  Load 


1.1  This  Purchase  Description  covers  the  detailed  requirements  for  a 
programmable  Inductive  losid.  This  device  will  present  Inductive  load¬ 
ing  of  different  values  to  the  unit  under  test. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3.1  Genersd  Purchase  Description:  The  requirements  of  general  purchase 
description  No.  MZlIE-PD-63  apply  as  requirements  of  this  purchase  des¬ 
cription.  When  the  tvo  purchase  description  conflict,  this  purchas  des¬ 
cription  shall  govern. 

3.2  The  unit  shall  perform  Its  designated  function  successfully  vlthln  the 
operational,  envlronoiental  and  life  requirements  designated  herein. 

3.2.1  Service  Life:  10,000  hrs.  min. 

3*3  Design 

3«3«1  V  ^phs  Induotlve  losd  Shall  havs  values  frost  3  henries 

to  1  millihenry.  The  inductive  load  shall  be  made  up  of  U  dsoads 
Inductive  loads.  All  decade  Inductive  loads  shall  be  connected  in 
series. 

3* 3*2  Inductive  Load:  Each  decade  shall  consist  of  four  In¬ 

ductors  connected  In  series  except  the  first  decade  which  will  con¬ 
sist  of  two  Inductors  In  series,:  Each  Inductor  will  be  shunted  by  a 
S.p.S.T.  relay  contact.  The  value  of  the  four  inductors  will  be  1, 
2,  4,  and  6  times  the  decade  multiplier.  The  first  dsoads  will  have 
only  inductance  values  of  1  and  2  and  its  multiplier  will  be  one 
hennr.  The  remaining  three  decades  will  have  multipliers  of  10'^, 
10"*,  and  10“3  henries. 

3.3 >3  Relay ;  Each  Inductor  is  associated  with  a  control  relay  whose 

contacts  shunt  the  Inductor.  The  control  relays  will  be  driven  by 
the  Decoder  through  smplifiers  if  noceosary. 

3.4  Dstall 

3*4.1  Qeneral 

3*4.1.!  Output :  Any  value  of  inductance  from  3  henries  to  100 

millihenries  to  three  significant  digits  can  be  presented 
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Progranmiable  Inductive  Load  (Contd) 


across  the  output  terminals.  Values  of  inductance  fron 
10  mlllihenrlea  to  99  millihenries  are  available  to  two 
significant  digits  and  values  of  inductance  frost  1  milli¬ 
henry  to  9  millihenries  will  be  available  to  one  signi¬ 
ficant  digit. 


3*^«1<2  ^'TgT-BTl  "ff  *  programming  will  be  done  by  applying  ex¬ 
ternally  supplied  d.c.  levels  to  the  programmable  induet- 
tiva  load  control  lines,. 

a.  Control  Lines;  l4  control  lines  frcai  the  decoder  will 
be  used  to  program  the  inductive  load. 

b.  PrnpTimming  Time!  The  maxlmimi  time  required  to  change 
from  one  value  of  inductance  to  another  shall  not  exceed 
30  milliseconds . 

c.  Program  Control  relays  and  circuits  shall  not 

utilise  latch  up  circxilts  requiring  external  unlatch 
commands. 

3.4.2  Inductors 

3* 4. 2.1  Inductors  for  the  10~^,  10"^  and  lO*^  decades. 

a.  Working  Voltage  t  600  V  maximum. 

b.  Core!  Magnetic  toroidal. 

c.  Current  Rating!  300  m.a.  maximum  oontlnous  current. 

d.  Tolerance !  The  value  of  inductors  shall  not  vary  more  than  1^ 
from  the  nominal  value. 

e.  Temnerature  Coefficient!  AH  Inductors  will  be  temperature 
stabilised  so  that  they  vary  no  more  than  0.2^  per  degree 
centigrade . 

f .  Coil  Quality!  All  inductors  will  be  made  from  materials  given 
the  maximum  Q  at  frequencies  veil  below  the  self  resonanting 
frequency  of  the  inductor. 

h.  Self  Resonant  Frequency!  The  distributive  capacitance  of  an 
inductor  shall  be  kept  to  a  minimum  that  is  commensurate  with 
good  design. 

i.  HI  inductors  will  be  heimetically  sealed  in  a  case  made  of  low 
less  magnetic  shielding  material. 


Progr—Mlbl*  Inductiv  Load  (Contd) 


3. 4. 2. 2  Inductors  for  the  10~3  Peoade 

a.  Working  Voltage;  500  V  maximum 

■fa .  .Core :  Air 

0.  Current  Rating;  300  m.a.  maximum  contlnoue  current 

d.  Tolerance:  The  value  of  the  Inductor  shall  not  vary 
more  than  2^  from  Its  nomlnsl.  value. 

e.  Temperature  Coefficient:  The  value  of  Inductance  shall 
not  vary  more  than  1^  from  0*C  to  50*C. 

f.  Quality;  The  Q  of  the  Inductor  shall  he  greater  than 
40  at  a  frequency  of  200  kilocycles. 

g.  Self  Resonant  Frequency:  The  inductor  shall  resonate 
with  Its  distributive  capacitance  at  a  frequency  greater 
than  2  megacycles. 

h.  All  Inductors  will  be  encased  In  a  low -loss  magnetic 
shielding  material. 

3. 4. 2. 3  Inductor  Switching  Relays 

a.  Contact  Voltage:  Open  contacts  shall  not  break  down 
at  600  volts. 

b.  Contact  Current:  Current  carrying  capacity  of  relay 
contacts  shall  be  1  eunpere .  Relays  shall  be  switched 
cold. 

c.  Contact  Capacitance:  Capacity  between  open  contacts  shall 
not  be  more  than  0.1  uuf . 

CqU.:  The  actuating  of  each  relay  shall  operate 
from  26.5  vdc. 

3 <4. 2. 4  Leads :  All  leads  between  inductors  and  relays  and  leads  to 

output  terminals  shall  be  of  minimum  length. 
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Appendix  21 

ProgrttBoable  Cftpacltlve  Load 


1.  Scopa 


1.1  This  Purchase  Description  covers  the  detailed  req.ulreiiient8  for  a  pro* 
graamable  capacitive  load.  This  device  Is  capable  of  presenting  various 
capacitive  loadings  to  a  tmlt  under  test . 

2.  Applicable  Documents  (MDNE-PD-63) 

3* 

3.1  Qanaral  Purchase  Description t  The  requlresMnts  of  general  purchase 
description  Ho.  MDHE-FD-63apply  as  requirements  of  this  purchase  des¬ 
cription.  When  the  two  purchase  descriptions  conflict  this  purchase 
description  shall  govern. 

3.2  The  unit  shall  perfom  Its  designated  function  successfully  within  the 
operational,  environmental  and  life  requirements  designated  herein. 

3.2.1  Service  Llfet  10,000  hrs.  min. 

3.3  Design 


3.3*1  Capacitive  Loadt  The  capacitive  load  shall  have  capacitive  values 
from  9  ufd  to  10  uuf .  The  capacitive  load  shall  be  made  up  of  6 
decade  capacitive  loads.  All  decades  capacitive  loads  shall  be 
connected  In  parallel. 

3.3.2  r)mnmAm  riarumitiv  T.oeds t  Each  decade  capacitive  load  shall  con¬ 
sist  of  four  capacitors  with  one  terminal  connected  to  a  common  buss. 
The  buss  will  lead  to  an  output,  terminal.  The  remaining  terminal  of 
each  capacitor  will  go  to  a  rel^y  conteu:t.  The  value  of  the  four 
capacitors  will  be  1,  2,  4,  and  6  times  the  decj^  multiplier.  The 
decade  multiplier  will  range  Iq.  values  from  10~°  farads  through 
10-11  farads .  If  values  do  not  correspond  to  BBIMA  standards  the 
nearest  standard  value,  within  the  capacitor  tolerance  defined  be¬ 
low,  will  be  used  . 

3.3.3  !  A  S.p.s.t.  relay  contact  Is  connected  to  each  capacitor. 

The  other  end  of  the  relay  contacts  are  connected  to  a  common  buss 
which  leads  to  the  other  output  termlrral. 


3.4  Detail  Parfnrmut.* 

3.4.1  Oanaral 


Prograama'bl*  Cftpaoltlve  Load,  (Contd) 


3. 4. 1.1  Output.!  Any  value  of  capacitance  from  9  ufd  to  .001  ufd 
to  three  significant  digits  can  he  presented  across  the 
output  tezmlnals.  Valves  of  capacitance  from  100  uuf  to 
99^ufd  will  he  available  to  two  significant  digits  and 
values  of  capsicltanos  from  10  uuf  to  90uuf  vlll  he  available 
to  one  significant  digit. 

3. 4. 1.2  PT.ngrnlllt^l^ng♦  All  progsasDilng  will  he  done  hy  applying 
externally  supplied  d.c.  levels  to  the  programmable 
capacitive  load  control  lines. 

a.  atgBif leant  PlaitB!  12  control  lines  will  he  used  to 
program  the  three  significant  digits  of  the  capacitor 
vsdue. 

h.  Capaoitanee  multiplier:  4  control  lines  will  he  used  to 
program  the  capacitance  multiplier 

0.  T>rQgrMiMiing  f  The  maximum  time  required  to  change 
from  one  value  of  capacitance  to  another  shall  not  ex¬ 
ceed  30  milliseconds. 

d.  Protpram  Mamorvi  Control  relays  and  circuits  shall  not 
utilize  latch  up  qttrcults  requiring  external  uzxlateh 
ccBBnands. 

3*4.2 

3 .4.2.1  Capacitors  for  the  10'^  farad  decade, 
a.  Working  Voltage :  600  V  do  max. 

h.  I^var  Factor!  Pover  factor  of  each  capacitor  will  ho 
1^  or  less. 

0 .  Tolaranoa :  Valuop  of  capacitors  vlll  not  vary  more  than 
from  the  nominal  value. 

d.  Tamparatura  Coefficient!  Change  In  capacltanoa  due  to 
tamparatura  change  shall  not  Increase  more  than  0.05^ 
per  degree  centigrade  Increase  In  temperature. 

3. 4. 2. 2  Capacitors  for  the  10"'^  and  10"®  farad  decades, 
a.  Working  Voltage !  6OO  vdc 

h.  Power  Factor!  Power  factor  of  each  capacitor  vlll  he 
less  than  0.1^. 


Progrtamaible  C»p»oltlve  Load  (Contd) 


c.  TQl«rma« ;  Values  of  capacitors  will  not  vary 
more  than  1^  frcn  the  nominal  value. 

d.  Temperature  Coefficient;  Change  in  capacitance  due 
to  temperature  change  shall  not  decrease  more  than 
.01^^  per  degree  centigrade  increase  in  temperature. 

3. 4. 2. 3  Capacitors  for  the  10 "9,  10"^^,  and  10"^^  farad  decades. 

a.  Working  Voltage ;  ^00  vdc: 

/ 

b.  Quality;  The  Q  of  each  capacitor  shall  not  be  less 
than  1^00  at  1  M.C.  except  the  10,  20,  40,  and  80  uuf 
capacitors  which  shall  not  have  a  Q  less  than  300. 

e.  Tolerance ;  Values  of  capacitors  will  not  vary  more 
than  1^  from  the  nominal  value. 

d.  Temperature  Coefficient;  Change  in  capacitance  due 
to  temperature  change  shall  not  increase  by  more  than 
.02^  per  degree  centigrade  increase  in  temperature. 

3. 4. 2. 4  Capacitor  Switching  Relays. 

a.  Contact  Voltage;  Open  contacts  shall  not  break  down 
at  600  volts. 

b.  Contact  Current;  Current  carrying  capacity  of  relay 
contacts  shall  be  1  ampere.  Relays  shall  be  switched 
cold. 

c.  Contact  Capacitance;  Capacity  between  open  contacts 
shall  not  be  more  than  0.1  uuf. 

d.  Actuating  Coll;  The  actuating  coll  of  each  relay  shall 
operate  from  26.5  vdc. 

3 .4. 2. 3  Stray  Capacitance;  Capacitance  between  output  teimlnals 

of  the  capacitive  load  shall  not  be  greater  than  3  uuf  with 
all  relay  contacts  in  an  open  position. 

3. 4. 2. 6  lAidl)  All  leads  between  capacitors  and  relays  and  leads 
to  output  teminals  shall  be  of  minimum  length. 


Appendix  22 


Purchaae  Description 
Programmable  Impedance  Meter 


1.  Scope 

This  Purchase  Description  covers  the  detailed  requirements  for  a  programmable 
Impedance  measuring  device  (impedance  meter). 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3.1  Oener^  ^*1^^^*'**  Description;  The  requirements  of  general  pxirchase  des- 
crlptlon  MMfe-KJ-bs  apply  as  requirements  of  this  purchase  description. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description 
shall  govern. 

3.2  The  unit  shall  perform  Its  designated  function  successfully  within  the 
operational  and  life  requirements  designated  herein. 

3.2.1  Service  Life;  10,000  hours  minimum 

3.3  Design 

3.3.1  Controls ;  An  auxiliary  on-off  switch  shall  be  provided  In  an 
accessible  location.  All  other  functions  are  to  be  performed  from 
a  remote  source. 

3.U  Detail  Performance  Requirements 
3.U.I  General 


3. 4. 1.1  Power  Requirements;  105-125  V  AC,  50  -  420  cycles/second, 

single  phase 

3. 4. 1.2  Output  Measured  Value : 

a.  Capaurltance  Measurements  -  Output  shall  be  capacity 
value  In  3  digit  Binary  Coded  Decimal  (8-4-2-1) . 

b.  Inductance  Measurements  -  Output  shall  be  Inductance 
value  In  3  digit  Binary  Coded  Decimal  (8-4-2-1). 

c.  Complex  Impedance  -  Output  shall  be  resistance  value 
In  3  digit  Binary  Coded  Decimal  (8-4-2-1)  and  In¬ 
ductance  or  capacitance  In  3  digit  Binary  Coded  Decimal 
(8-4-2-1) . 


Progr—mble  logiedancd  M>ter  (Contd) 


3. 4. 1.3  Output  aigoftl  L»vlt; 

Logloal  ”0"  >  DC  voltaga  othtr  than  0  volts  DC,  6.8  K 
iJBpadmnce. 

Logical  "1”  >  DC  voltaga  other  than  logical  "0". 

3<4.1.4  Auxiliary  Outputs;  Output  signals  shall  be  provided  for: 

a.  R,  and  L  or  C  Indication  vhen  aeasuring  oostplex  Im¬ 
pedance  . 

b.  End  of  Conversion  -  Standard  logic  levels. 

c.  Overrange  Indication  -  Standard  logic  levels. 

3 >4. 1.3  Load  amedanoe:  Msasurad  value  and  auxiliary  outputs  shall 
be  capable  of  driving  a  3.9  K  ohm  resistive  load  oonneoted 
betvsen  the  output  and  -12  volts. 

3*4. 1.6  PrograMiingi  All  prograasixig  vlll  be  done  by  applying 

externally  supplied  DC  levels  to  the  iapedanoe  sMter  oontrol 
lines. 

a.  Type  of  Msasureaent  Progr^lnxt  6  control  lines  will 
be  used  to  progrsaa  i>pe  of  Masureaeat. 

Types  of  Measureaents  are  1 

1.  Capaoitanoe 

2.  Induotanoe 
3>  Series  RC 
4.  Parallel  RC 
3  •  Series  RL 
6.  Parallel  RL 

b.  gogsaatniTlast  The  aaxijna  tlae  to  ohaags  frosi  a 
givan  IKinotlon  and  range  to  a  nev  function  and  range 
shall  not  exceed  23  Billiseconds. 

Mwboyyt  Range  and  function  control  relaya  eball 
noi  uiliiae  latoh  up  circuits  requiring  external  unlatch 
coenands.  A  prograaaed  range  and  function  ehall  roBaln 
set  up  only  vhile  the  appropriate  control  lines  are  held 
at  the  Bost  positive  progranaing  voltage  level  vlth  re¬ 
spect  to  ooBBcn.  Whan  a  control  line  drops  to  the  BOst 
negative  prograHaiag  voltage,  its  oerrespondlng  relay  or 
relays  shall  be  deenergised. 
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ibl«  IMptdanoe  Mtter  (Contd) 


3*4. 1.7  Bangt  3vltching  Tlae;  Equal  to  or  less  than  23  alUlsaconds . 

3 >4. 1.8  Standard  Refaraneaa;  The  Impedance  meter  shall  include  R, 

1.,  and  b  standards  ccnpatlhle  with  measurement  accuracies 
specified.  Calibration  controls  are  needed  and  these  must 
be  easily  accessible.  Provision  shall  be  mads  for  calibration 
checks  for  all  type  measurements  listed  In  3*4. 1.6  (a). 

3.4. 1.9  Wans-up  Time;  43  seconds  maximum. 

3.4.1.10  Trigger t  An  external  signal  command  results  In  making  one 
conversion  or  measurement.  Trigger  requirements:  a  positive 
going  pulse  or  step  at  standard  logic  levels  vlth  a  rise  time 
1  microsecond  or  less. 

3.4.1.11  Readouts t  No  readouts  or  readout  driving  stages  are  rs- 

qulRTr 

3.4.1.12  ImpedMios  ^ter  Oscillator t  All  oscillator  signals 
quiredi  by  ihe  ImpeJlsaos  after  shall  be  self  contained. 


3.4.2  Capacitance  Measurements! 


a. 

10  uufd 

• 

100  uufd 

b. 

100  uufd 

• 

1000  uufd 

c. 

.001  ufd 

.01  ufd 

d. 

.01  ufd 

• 

.1  ufd 

e. 

.1  ufd 

m 

1  ufd 

f. 

1  ufd 

m 

10  ufd 

g< 

10  ufd 

m 

100  ufd 

h. 

100  ufd 

m 

1000  ufd 

3.4. 2. 2  Capacitance  Msaauremsnt  Accuracy: 


Range  a:  +  10^  of  measurement  +  1  uufd 
Ranges  b,  c7  d,  e:  +  3^  of  meas\uwaent 
Range  t,  gt  ^2$  of~ seasurmsent 
Range  hi  .f  3^  of  msasursBMnt 
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Progr—^'*^'**  Tiiip»dmo«  Mater  (Contd) 
3.4.3  InAuct>ne«  M»*«ureMtnt« : 


3«4.3«1  Induo tanc«  Mafcixirw—nt  Range b; 


a. 

10  uh 

100  uh 

b. 

100  uh 

1000  uh 

0. 

.001  henry  - 

.01  henry 

d. 

.01  henry  - 

.1  henry 

e. 

.1  henry 

1  henry 

f. 

1  henry 

10  henries 

g* 

10  henries  • 

100  henries 

3*4. 3*2  Induetnaeo  MoMur— nt  Aoouimoyt 

Range  a:  +  of  measurement 
Ranges  b,“c:  +  lOjt  '' 

Ranges  d,e:  £”5^  '• 

Ranges  f,  g  “£  2^  " 

3.4.4  CoBplex  iBpadance  Measurement! 

3 *4. 4.1  RO  CoBblnatione t  The  Inpedanca  meter  shall  be  capable  of 
iapeienoe  aeasureaente  upon  olrouits  Involving  series  or 
penllel  combinations  of  resistance  and  capacitance. 

3. 4. 4. 1.1  Cmsplex  npedanoe  Compooent  Ranges  in  BC  Circuits 

a.  Capacitance  range:  10  uufd  to  100  ufd. 

b .  Resistance  ranges : 


1. 

100  ohms 

- 

1000  ohms 

2. 

IK  " 

m 

10  K  " 

3. 

10  K  " 

- 

100  K  ’’ 

4. 

100  K  " 

- 

1  Meg  " 

5. 

1  Msg  " 

- 

5  Msg  " 

Proarw—iblt  anfdtno*  Mitr  (Contd) 


3. 4. 4. 1.2  C(Mpl«3C  P^ptdMW  M>Murn«nt  Acciiracy  for  RC 

Ciroults . 

a.  For  Capacltanoe  range  of  10  uufd  -  100  uufd,  accuracy 
■hall  he  jh  20lt  for  all  above  resistance  ranges. 

h.  For  Capacitances  range  of  100  u\;fd  -  100  ufd,  accuracy 
■hall  he  3^  for  resistance  ranges  1,  4,  ^  and  +  2^ 
for  resistance  rangss  2,  3.  " 

3<4.4.2  RL  Ccahlnations 


The  lapsdanoe  aeter  shall  he  capable  of  aeasureaents  upon 
circuits  Involving  series  or  parallel  coahlnatlons  of  In¬ 
ductance  and  reelstance. 

3. 4. 4. 2.1  Coaplex  atpedance  Coaponent  Ranges  in  RL  Circuits} 
a.  Inductance  range:  10  u  henries  to  ^  henries, 
h.  Resistance  ranges: 


1. 

9  otau 

* 

10  ohms 

2. 

10  ohms 

■» 

100  ohms 

3. 

100  ohms 

- 

1  K  " 

'  • 

1  K  '• 

m 

10  K  " 

5. 

10  K  " 

- 

100  K  " 

6. 

100  K  " 

• 

1  Meg  " 

3. 4. 4. 2. 2  Cosmlex  lapedance  Msasureaent  Accuracy  for  RL 

dlrculisl 

a.  For  Inductance  ranges  of  10  uh  -  1  mh,  accuracy  shall 
he  20i(  for  all  above  resistance  ranges . 

h.  For  Indvwtanoe  range  of  1  ah  -  ^  henries,  accuracy 
■hall  he  ^  15^  for  resistance  range  1,  +  10^  for 
resistance  range  2,  ^  ^  for  reslstanoe~ranges  3  and 
^  2$  for  resistance  ranges  4  and 
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Appendix  23 
Purchase  Description 

Progrssnable  Digital  Mult latter 


Scope 


1.1  Ihls  purchase  description  covers  the  detailed  regulrenentn  for  a  pri:)gram- 
aahle  digital  multliBeter.  This  Instrument  Is  capable  of  iX!  and  DC  voltage 
measurement,  resistance  measurement,  and  high  speed  analog  to  digital  con¬ 
version. 

Applicable  Docvusents  (MISnE-FD-63) 

Requirements 

3.1  Qei^ral  Purcheute  Description;  The  requirements  of  general  purchase  des- 
crlptlon  Ho.  MDRE-FD -63  apply  as  requlrosents  of  this  purchase  description. 
When  the  tvo  piurchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  unit  shall  perform  its  designated  function  successfully  vlthln  the 
operational,  environmental  and  life  requirements  designated  herein. 

3.2.1  Service  Life;  10,000  hours  min. 

3.3  Design 

3.3*1  Controls ;  An  auxiliary  on-off  switch  shall  be  provided  In  an 
accessible  location.  Calibration  controls  and  self  triggering 
switch  shadl  be  provided.  All  other  functions  are  to  be  performed 
from  a  remote  source. 

3.4’  Detail  Performance  Requirements 

3.4.1  General 

3. 4. 1.1  Output  measured  value:  3  digit  binary  coded  decimal 

(8-4-2-1). 

3. 4. 1.2  Output  signal  levels;  Logical  "0"  ■  DC  voltage  other  than 

0  VDC  6.8  K  Impedance 

Logical  "1^'  >  DC  voltage  other  than 
logical  "0". 

3. 4. 1.3  Auxllleury  Outputs;  Auxillaury  output  signals  shall  be  pro¬ 
vided  for; 

a.  Polarity  Indication;  Positive  polarity  >  Logical  "1" 

Hegatlve  polarity  >  LoglcsQ.  "0" 


b.  lad  of  Conver»lon:  Std  logic  levels  (different  than 

0  VDC) 

Polarity  optional 

c.  Overload  Indication;  Std  logic  levels;  polarity  optional 

3«^*1«4  Load  laipedance:  Measured  value  and  auxiliary  outputs 
shall  be  capable  of  driving  a  3.9  K  ohm  resistive  load 
connected  between  the  output  and  -12  volts. 

3 >4. 1.3  Progra—Ing:  All  programming  vlU  be  done  by  applying 
externally  sullied  CC  levels  to  the  digital  multimeter 
control  lines. 

a.  Type  of  neasureawnt  programming;  3  control  lines  will 
used  to  program  type  of  BMasurmaent. 

^pe  of  Mssuraments  are: 

(1)  DC  voltage 

(2)  AC  voltage  xma 

(3)  Ohsis 

b.  Range;  Ranges  for  the  DC  and  AC  voltage  signal  Input 
chaimels  vlU  be  programmed  by  awans  of  four  range  con¬ 
trol  lines  for  voltage  ranges  of  .999;  9*99>  99.9;  999 
volts  respectively. 

c.  Progra^1ng  Timet  the  maximum  time  required  to  change 
from  a  given  function  and  range  to  a  new  function  and 
range  shall  not  exceed  25  milliseconds. 

d.  Program  Memory;  Range  and  function  control  relays  shall 
not  utilize  latch  up  circuits  requiring  external  unlatch 
commands.  A  programaed  range  and  function  shall  rMaln 
set  up  only  while  the  appropriate  control  lines  are  held 
at  the  BU>st  positive  programming  voltage  level  with  re¬ 
spect  to  ccBBBon.  Vfhen  a  control  line  toops  to  the  atost 
negative  programming  voltage >  It's  corresponding  relay, 
or  relays  will  return  to  the  de -energized  stscte. 

3.4.1.$  Range  Swltchlxm  Time;  The  range  switching'  time  shall  be 
equal  or  smaller  than  25  msec. 

3*4. 1.7  Standard  References;  The  multimeter  shall  Include  a  DC 
voltage  calibration  standard.  CaLLlbratlon  controls  are 
needed  and  these  have  to  be  easily  accessible.  Provision 
shall  be  made  for  a  calibration  check  In  both  AC  and  DC 
iBOdes. 
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3*4. 1.8  Warai  Up  Tl—:  4^  >ec.  naxlmua 

3 *4.1.9  TriggTt  An  extamal  slgjial  eoBnanl  results  In  asking 
one  eonrersion.  Signal  requlreaent:  a  positive  going 
pulse  or  step  with  a  rise  tiae  1  microsecond  or  less. 

3*4.1.10  Readouts ;  lo  visual  readouts  or  visual  readout  driving 
stages  are  required. 

3.4.1.11  Settling  Time;  Tla»  settling  time  shall  he  defined  as 
the  tine  Interval  required  for  the  aultlaeter  Input 
aoipllfler  to  stabllze  to  vlthln  0.1^  of  the  DC  voltage 
to  be  measured  after  application  of  the  voltage  to  the 
multimeter  Input  terminals.  The  settling  time  shall 
not  exceed  20  milliseconds  for  a  step  function  of  100 
volts  DC  with  a  generator  source  resistance  of  10  megohms. 


3.4.2  DC  Voltage 

3*4.2.!  Ranges;  (Full  Seale) 

a.  .999  VDC 

b.  9.99  VDC 

c.  99.9  VDC 

d.  999  VDC 

Rote:  Maximum  voltage  Input  will  be  limited  to  900  VDC. 

3*4. 2. 2  Input  Impedance;  10  megohms  minimum 

3*4. 2. 3  Input  Polarity;  Positive  or  negative  with  respect  to 

common.  Polarity  shall  be  automatically  sensed. 

3*4.2. 4  Accuracy;  +0.9  millivolt  from  0  to  .1  volts  and  .1^  of 

full  scale  from  .1  volts  to  900  volts  at  27^0.  (TC  ■ 

+9  ppm/°c  from  27®). 

3*4. 2. 9  Digitizing  Rate;  1000  continuous  conversions  per 

second,  minimum. 


3.4.3  AC  Voltage 

3*4. 3*1  Ranges;  (Full  Scale) 

a.  .999  VRNS 

b.  9.99  VBMS 

c.  99*9  VRMS 

d.  999  VHMB 

Rote;  Maximum  voltage  Input  will  be  limited  to  900  VRNS. 
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3  A. 3 <2  Input  lMP«dfcnce;  O.l  aagohm  alnloum  In  tha  10  ops  to 
10  KC  range. 

3. 4. 3. 3  Input  Frequency  Range:  10  cpe  to  10  KC. 

3«^*3*^  Accuracy:  millivolt  fron  0  to  .1  volts  and  .1^  of 

full  scale  &0B  .1  volts  to  ^00  volts  over  a  frei^uency 
range  of  10  ops  to  10  KC  at  27°C  (TC  ■  PSn/°C  from  27°). 

3 .4. 3. 3  Measurement  Rate;  (Rectifying  Rate  and  Digitizing  Rate): 
Conversion  shall  be  complete  at  the  end  of  10  cycles  of 
Input  signal,  plus  conversion  time  at  sjoy  frequency  vlthln 
the  range  of  10  cps  to  10  XC. 


3.4.4  Ohnmeter 

3.4. 4.1  Ranges:  (full  scale) 

a.  9.99 

b.  99.9 

c.  999  , 

d.  999  X  loj 

e.  999  X  lo; 

f.  999  X  lOP 

g.  999  X  10^ 

3. 4.4 .2  Accuracy:  *•%  of  maxinMn  range  measurement  from  .999  ohm 
to  9.99  ohm.  ♦.l^  of  maxlsnim  range  measurement  from  9.99 
ohms  to  9.99  megohms. 

3. 4. 4. 3  Power  Dissipation:  Mot  greater  than  .1  vatt  In  resistance 
under  test. 
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Appendix  2k 
Purchase  Description 


ProgrsBBiable  Tine  Interval  and  Frequency  Meter 


1.  Scope 

1.1  This  purchase  description  covers  the  detail  requirements  for  a  10  mega¬ 
cycle  programmable  time  interval  asod  frequency  meter. 

2.  Applicable  Documents  (NDME-PD-63) 

3>  Requirements 

3*1  General  PurctLMe  Description;  The  requirements  of  general  purchase  des- 

eriptlon  Ho.  NDlE-FD-^3  i^pply  requirements  of  this  purchase  description. 
When  tvo  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  Reliability 

3.2.1  Service  Life;  10,000  hours  min. 

3*3  Detail  Performance  Requirements 
3*3<1  General 

3.3<1«1  Output  Measured  Value;  7  d.iglt  decimal  readout 

3«3«1«2  Programmi ngt  All  prograoalng  viU  be  done  vlth  8-4-2-1 
BCD  code  by  DC  levels  supplied  to  intenaal  control  lines. 

a.  Functions  to  be  programmed 

Power  on-off 

Function:  frequency 

time  interval 
period 

Input  Attenuation: 

.1  V  -  1.0  V 
1.0  V  -  10  V 
10  V  -  100  V 

100  V  -  500  ? 

Input  Polarity: 

Input  #1  +  or  - 
Input  #2  +  or  - 

Input  ffl  used  for  frequency,  period 

Input  if2  used  for  time  interval  together  with  input  flh 
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Fraquency  Ranga:  99*9  cpa  to  9*99  MC/S 
Tina  Intarval/parlod:  0.9  usac  to  999  sec 

3*3*1*3  Prograagaing  Tlaa;  The  maxiBum  tine  raqulxed  to  changa 

froa  a  given  function  and  range  to  a  new  function  and  range 
shall  not  exceed  2^  milliseconds. 

3. 3. 1.4  Range  svltchlng  time  shall  be  lass  than  2^  alUlseconds . 

3.3<1*5  Warm-Up  Time:  30  sec.  max. 

3. 3. 1.6  Readouts:  7  decimal  digits  capable  of  remote  readout. 

3*4.2  Frequency 

3. 4. 2.1  Ranges:  99.9  cps  to  9.99  M  cps  In  decade  steps. 

3. 4. 2. 2  Iiput  I^gedance:  1  meg  shunted  by  not  more  than  20  uuf. 

3. 4. 2. 3  Input  Characteristics:  Sine  va,ve  or  pulse>  10  KV  to 
^00  y,  plus  or  minus  polarity. 

3. 4. 2. 4  Accuracy:  +1  count  of  Input  signal  and  *obc,  stability 

of  +3  parts“ln  10'  per  week.  "" 

3.4.3  Time  Interval 

3. 4. 3*1  Ranges:  .999  usee  to  999  sec  In  decade  steps. 

3. 4. 3. 2  Input  Impedance:  1  meg  shunted  by  not  more  than  20uuf. 

3*4. 3*3  Iigut  Characteristics;  Pulse  or  sine  wave  below  100  cps; 

10  H\r  to  500  V  plus  or  minus  polarity  for  separate  start 
and  stop  chazmels.  Plus  or  minus  polarity  for  one  channel 
control. 

3. 4. 3. 4  Accuracy;  same  as  3*4.2. 4 
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Appendix  2^ 
Purchase  Description 


Programmable  Radio  Frequency  Average  Power  hidloator 
and  Refleotometer 


Scope 


1. 1  Scope;  This  specification  covers  the  general  and  detail  requirements  for  a 
programmable  thermistor  bridge  R.  F.  average  power  Indicator  and  reflectometer 
in  the  2.0  MC  to  12.5  KMC  range. 

Applicable  Documenta  (MDNE-PD-63) 

Requirements 

3. 1  General  Purchase  Description;  The  requirements  of  general  purchase  des¬ 
cription  No.  MDNE-PD-63  apply  as  requirements  of  this  purchase  description. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3. 2  The  unit  shall  perform  its  designated  fimction  successfully  within  the  oper¬ 
ational  and  life  requirements  designated  herein. 

3.2.1  Service  Life;  10,000  hours  min. 

3.3  Design 

3. 3. 1  Controls;  An  auxiliary  on-off  switch  shall  be  provided  in  an  accessi¬ 
ble  location.  All  other  functions  are  to  be  performed  from  a  remote 
source. 

3.4  Detail  Performance  Requirements 

3.4.1  General; 

3. 4. 1. 1  Power  Range;  -20  dbm  to  -t-10  dbm  full  scale  in  4  ranges 
without  external  attenuator.  +10  to  +40  dbm  and  +40  to 
+70  dbm  with  external  attenuators. 

3. 4. 1.2  Frequency  Range;  2  M^/s  to  12. 5  KMC ’/s  with  coaxial 
and  waveguide  thermistor  nmunts. 

3. 4. 1.3  Accuracy;  +3%  of  full  scale 

3.4. 1.4  Thermistor  Mount  SWR;  1.5  maximum. 


3.4. 1.5  Outwits: 

(1)  Voltage  proportional  to  Incident  power. 

(2)  Voltage  proportional  to  reflected  power. 

(3)  Voltage  proportional  to  VSWB. 

3.4.2  Progrftw>w»<wy 

3. 4. 2.1  Program  Code;  8-4-2-1  BCD. 

3. 4. 2. 2  Programming  Devioea:  Solid  State  and  electromechanical 
switches. 

3.4.2.3  Programmed  Functions; 

(1)  External  line  supply. 

(2)  Power  Range. 

3. 4. 2. 4  Programming  Time;  3  seconds  maximum. 

3. 4. 2. 5  Warm-up  Time;  5  minutes  maximum. 

3. 4. 2. 6  Input  Power;  105  to  125  VAC ,  55  to  420  cps  single 
phase.  Neutral  floating  and  isolated. 
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Appftndiat  26 

Purchase  Description 

Waveform  Analyzer 


1. 


1.1  This  Purchase  Description  covers  the  detailed  requirements  for  a  progrsm- 
mable  vavefom  analyzer.  This  instrument  Is  capable  of  measuring  peak 
smplitude^  width,  rise  time  and  fall  time  of  a  recurrent  pulse  waveform. 

2.  Applicable  Documents  (KDNE-PD-63) 

3.  Requirements 

3.1  General  Purchase  DMorlptliat  The  requirements  of  general  purchase  des- 
crlption  No'."BDBHB'-W-55kPpTy  m  requlremente  of  this  purchase  description. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern . 

3.2  The  unit  shall  perfom  its  designated  function  successfully  within  the 
cperatlonal,  ?nd  life  requirements  designated  herein. 

3.2.1  Service  Life;  1000  hrs.  min. 

3.3  Design 

Controls ;  An  auxiliary  on-off  switch  shall  be  provided  in  an  ac- 
cessitls  location.  Calibration  controls  and  self  triggering  switch 
shall  be  provided.  All  other  functions  are  to  be  perfoned  from  a 
remote  source. 

3* 3 *2  Indicators ;  Remote  indicators  shall  be  provided 
3*^  Detail  Performance  Requirements 
3.**’.1  General 


3»**«1*1  Output  Measured  Value ;  3  digit  Binary  Coded  Decimal 

(.8-4-2-1). 

3*^. 1.2  Output  Signal  Levels;  Logical  "0"  =.  DC  voltage  other  than 

0  VDC  6.6  K  Impedance 

Logical  "1"  «  DC  voltage  other  than 
logical  "0" 

3 .4. 1.3  Avylllyy  Outputs;  Auxiliary  output  signals  shall  be  pro- 
vided  forr 


Wfcvfom  Analy»T  (Contd) 


a.  End  of  Convarilon; 

3td  logic  lavels: 
polarity  optional 

b.  Overload  Indication; 

Std  logic  levels 
polarity  optional 

c .  Outputs  for  Maintenance  Purposes ! 
optional 

Load  Impedance ;  Measured  value  and  auxiliary  outputs  shaill 
be  capable  of  driving  a  3.9  K  ohm  resistive  load  connected 
betvsen  the  output  and  -12  volts. 

3.^<1.3  ProgrsMting :  All  programming  will  be  done  by  applying  ex- 
ternaily  supplied  D.C.  levels  to  the  digital  multimeter  con¬ 
trol  lines. 

a.  Type  of  Measurement  Progryaiing ;  k  control  lines  vlU 
be  used  to  program  iype  of  measuxvment.  Type  of  measure - 
nenta  are: 

1.  peak  pulse  amplitude 

2 .  pulse  width 

3.  rise  time 

4 .  fall  time 

b.  Ranges:  Ranges  for  the  signal  input  channel  for  peak 
amplitude  measurement  will  be  programmed  by  iseans  of  four 
range  control  lines  1  through  4  for  peak  voltage  ranges 
of  .999,  9*99/  99>9>  and  999  respectively. 

c.  Polmrity:  One  control  line  will  be  used  to  program  input 
pulse  polarity. 

d.  Time:  Ranges  for  pulse  width,  rise  time,  fall  time  will 
be  prograsssed  by  means  of  7  control  lines  for  time  ranges 
1  through  7  of  .03  usee  -  .1  usee.,  .1  usso  -  1  useo., 

1  usee  •  10  useo . ,  10  usee  -  100  useo . ,  100  useo .  -  1  msec . , 
1  msec.  •  10  use.,  10  msec.  -  100  msec.,  respectively. 
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Wavefom  Analyzer  (Contd) 


«.  Amplitude  at  which  pulse  width  Is  measured  shall  he 
programmed  hy  means  of  3  control  lines  for  measure¬ 
ment  at  10^,  or  90^  of  peak  amplitude,  respec¬ 
tively. 

f .  Programming  Time;  The  maximum  time  required  to  change 
from  a  given  function  and  range  to  a  new  fvinctlon  and 
range  shsJ.1  not  exceed  2^  mllll -seconds. 

g.  Program  Memory;  Range  and  function  control  relays  shall 
not  uiillze  latch  up  circuits  requiring  external  un¬ 
latch  commands.  A  programmed  range  and  function  shall 
remain  set  up  only  while  the  appropriate  control  lines  are 
held  at  the  moat  positive  programming  voltage  level  with 
respect  to  common.  When  a  control  line  drops  to  the  most 
negative  programmed  voltage,  It's  corresponding  relay,  or 
relays  will  retxum  .:o  the  de-energized  state. 

3. 4. 1.6  Range  Switching  Time  t  The  range  switching  time  shall  he  equal 
or  maailer  than  usee. 

3. 4. 1.7  Standard  References;  The  waveform  anadyzer  shall  Include  a 
standard  for  peak  amplitude  measurement  calibration  and  a 
standard  for  time  base  calibration.  Provision  shall  be  made 
for  calibration  checks  In  all  measurement  modes. 

3. 4. 1.8  Warm-up  Time ;  45  seconds  maxlmxun 

3. 4. 1.9  Pulse  Repetition  Rate  Ranges;  2  pps  to  83,300  pps 
Minimum  duty  cycle  .0636^  at  0.2  usee  pulse  width. 

3.4.1.10  Readouts ;  No  readoutn  or  readout  driving  stages  au:e 
required . 

3.4.2  Pulse  Peak  Amplitude  Measurement 

3. 4. 2.1  Ranges  (Full  Scale) 

a.  .999  volts  peak 

9.99 

c.  99.9 

d.  999 

Note :  Minimum  Input  voltage  . 5  V  peak 
Maximum  Input  voltage  400  V  peak. 
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Wavefom  Analyzer  (Contd) 


3A.2.2  Input  Inpadance;  ^0  ohms 


3 •^•2. 3  Input  Polarity;  Positive  or  negative  with  respect  to 
coomon. 

3*4. 2. 4  Accuracy: 

0.5  V  -  9.99V  +  316 

10  V  -  99.9  V  + 

100  V  -  400  V  +  ^ 

3.4.3  Pulse  Width  Measurement 

3. 4. 3.1  Pulse  Width  Ranges: 


a. 

0.1  usee 

-  1.0  usee 

h. 

1.0  usee 

•  10  usee 

c. 

10  usee 

•  100  usee 

d. 

100  usee 

•  1  msec 

e. 

1  msec 

•  10  msec 

f. 

10  msec 

-  100  msec. 

3.4.3'2  Pulse  Width  Aootiracy:  +  3?t  of  full  seals  range. 

3. 4. 3. 3  Amplitude  at  which  pulse  width  is  measured  Prograsnable^ 
10^,  90^6  or  90^  of  pulse  peak  amplitude. 


3.4.4  Rise  Time 


3. 4. 4.1  Rise  Time  Ranges: 


a. 

.0^  usee 

- 

0.1  usee 

h. 

0.1  usee 

m 

1  usee 

c. 

1  usee 

- 

10  usee 

d. 

10  usee 

- 

100  usee 

e . 

100  usee 

- 

1  msec 

f. 

10  msec 

100  msec 

Wavefoin  AxialytT  (Contd) 


3. 4. 4. 2  Rise  Tln>  MBaaure—nt ;  +  3^  of  full  scale  +  .01  usee. 

3. 4. 4. 3  Rise  Time  shall  he  sMasured  from  the  10^  peak  amplitude 
point  to  the  90^  amplitude  point  of  a  given  wavefozm. 


3.4.5  Fall  Tims 


3.4. 5.1 


3. 4. 5. 2 

3.4. 5. 3 


Fall  Time  Ranges: 

a. 

.05  usee 

0.1  usee 

h. 

0.1  usee 

1  usee 

e. 

1  tiaeo 

10  usee 

d. 

10  usee 

100  usee 

e. 

100  usee 

1  Bisec 

f. 

10  msec 

100  msec 

Fall  time  measurement  Accuracy;  ^  3^  of  full  scale  +  .01 
usee .  “  ” 

Fall  time  shall  he  measured  frem  the  90j(  peak  amplitude 
point  to  the  10^  peak  amplitude  point  of  a  given  vavefom. 
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Appendix  27 

PurchMe  D*scrlption 
Prograiauibl*  Spttctrua  An&I^sar,  L  Band 


Scopa 

1.1  nxla  purehaaa  deacrlption  covara  the  ganaxml  and  detail  requlreaenta 
for  a  prograaaahle  unit  operating  In  the  **1"  hand  vhlch  will  give  a 
Toltage  output  proportional  to  the  RP  energy  In  a  given  narrov  hand. 

Ajplleahla  Doeunanta  (NDn-FD-63) 

Baqulraaanta 

3.1  ^naraJ.  Purchaae  Deacrlption;  The  req.ulraaenta  of  general  purchaae 
deacrlption  lo.  ICim-PD^3~ftpply  a*  requlreaanta  of  thla  purehaaa  daa> 
erlptlon.  When  the  tvo  purchaae  deaeriptlona  conflict  thla  purehaaa 
deacrlption  ahall  govern. 


3.2  HellablUty 

3.2.1  Service  Life;  10^000  houra  adn. 

3*3  Detail  Perfomance  Requlreawnta 

3.3*1  Output;  A  DC  voltage  proportional  to  algnal  atrength. 

3.3.2  Frequency  Range;  962  to  1213  MC. 

3.3.3  Frequency  Stahillty;  +5  KC 

3.3*^  Senaltlvity;  -TO  aba  ” 

3.3.3  Bandvlth;  .31  1C  4IO  KC  at  3  db  and  .73  MC  at  30  dh  oay  he 
centered  on  a  aelected  frequency  In  the  hand  or  +.3  NC  ♦.S-NB 
;fl.O  MC  and  >1.73  MB  around  aelected  frequency.  ~Qaln  euat  not 
^ary  eore  than  .3  db  at  any  of  the  above  frequenclea  auround 
aelected  frequency. 

3.3*6  Locail  Oaclllatora;  Flrat  local  oac.  ahall  he  cryatal  controlled 
and  have  at  leaat  6  aelectahle  frequenclea.  There  ahall  he  pro- 
vlaion  for  the  uae  of  an  external  algnal  generator  aa  a  local  oac. 
Second  local  oac.  ahadl  he  cryatal  controlled  and  have  nine  aelect- 
able  frequenclea  correapondlng  to  dlaperalon  frequenclea  eentloned 
In  3*3*5* 

3.3*7  Attenuation;  0  to  60  db  In  atepa  of  3  dh. 

3.3*8  Input  lepedance;  30  ohaa 


3*4'  ProgrinalTig 


3.4.1  Cod>:  All  nuBwrleal  valuts  sbAll  b«  exprtsied  in  the  8-4-2 -1 
BCD  code  (vlth  the  aoat  elgnlflcant  digit  alloved  values  up  to 

15). 

3*4.2  Prograa  Cnmniiaiilt  Progrea  Infomation  shall  he  received  as  logic 
levels  on  a  ’^message  bus”,  on  vhich  the  Inforaatlon  content  shall 
not  change  more  than  once  per  millisecond. 

3*4.3  ProgTSMsing  Timet  The  marimiim  time  reqxilred  to  change  from  a 

given  program  to  a  nev  program  shall  not  exceed  6  milliseconds  per 
address  plus  10  milliseconds  for  relaying  operation. 

3*4.4  Functions  to  be  progrswmsd; 

a.  Attenuation  shall  be  programed  to  go  from  0  to  60  db  in 
steps  of  3  db. 

b.  Center  frequency  shall  be  programed  to  select  one  of  6 
crystals  or  an  external  osc. 

c.  Dispersion  shall  be  programed  to  select  one  of  9  crystals 
to  give  center  frequency  and  spectrum  points  at  or  -  .3  NC, 

-t-  or  -  .8  MC,  4-  or  -  1  MC,  and  or  -  1.75  NC  from  center 
frequency. 
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Appendix  26 
Pvirchue  Description 

Progmmabla  Sptotrua  Analyssr  1.2  -  12.4  KIC 


1.  Scope 

1.1  This  Purchase  Description  covers  the  detailed  requirements  for  a  progrea- 
aahle  spectrum  analyzer  in  the  1.2  to  12.4  KMC  range. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3.1  The  requirements  of  general  purchase  description  No.  MDNE*PD-'63  apply  as 
requirements  of  this  purchase  description.  When  the  two  purchase  descrip¬ 
tions  conflict,  this  purchase  description  shall  govern. 

3.2  The  unit  shall  perfoza  Its  designated  function  saoosssfully  vlthln  the 
operational  and  life  requlzssMnts  designated  herein. 

3.2.1  Servloe  Life:  10,000  hours  aln. 

3.3  Design 

3. 3*1  Controls ;  An  auxlllaxy  on-off  svltoh  and  a  issnusl.  dispersion 

selsotioa  svltoh  shall  be  provided  In  an  aoossslbls  location.  All 
other  functions  are  to  be  perforasd  froa  a  raaots  souros. 

3<^  Detail  Psrformanos  Bsqulrwsints 

3*4. 1  Qsneral 

3>4.1.1  Pover  Hsqulreswnts ;  105>123  V  AC  3?  to  420  ops  single  phase. 

3. 4. 1.2  Ssnsltlvltyt  20  dbm 

3. 4. 1.4  Aoouraoy  of  frsqusnoy  at  start  of  sveep  ^  .01^  of  progransd 
value.  ” 

3.4.1. 3  Bveep  yrsquencyt  0.1  to  30  ops. 

3. 4. 1.6  Output!  0  -  100  V  DC 

3. 4. 1.7  Progrsnalng:  All  programming  will  be  done  by  applying 
exbemaliy  supplied  DC  levels  to  the  Spectrus  Analyzer 
control  lines. 

3. 4. 1.7.1  Functions  ProgrsMaed 
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ProgT—ablt  Sp»etru»  An>ly»T  1.2 


3. 4. 1.7. 2 


«  12.4  KMC  (Contd) 


3.4.1.7>1>1  Frtquitncy  at  start  of  svsap  shall 
ha  prograaaahle  In  10  MC  staps. 

3. 4.1. 7.1.2  Swsap  rata  prograasabla  at  .1  ops, 
1  cps,  10  ops,  30  ops. 


3. 4. 1.7. 1.3  Dlsparsion  programabla  10  MC,  30  MC 

and  200  MC. 


proffraa  Coda; 


6-4 -2-1  BCD. 
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Appendix  29 
Purchase  Description 

Prograamable  Peak  Pover  Mater 


1.  Scope 

1.1  This  Purchase  Description  covers  the  detailed  requirements  for  a  pro- 
graianahle  peak  power  meter.  This  instrument  is  capable  of  measuring  the 
peak  power  of  a  pulsed  R.F.  system. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3.1  nenereJ  nescrintion t  The  requirements  of  general  purchase 

description  No.  MDNE-PD-63  e-T^ply  as  requirements  of  this  purchase  des¬ 
cription.  When  the  two  purchase  descriptions  conflict^  this  purchaise 
description  shall  govern# 

3.2  The  unit  shall  perform  its  designated  function  successfully  within  the 
operational  and  life  requirements  dssi|piated  herein. 

3.3  Design 

3.3‘1  Controls ;  An  auxiliary  on-off  switch  shsJ.!  be  provided  in  an 

accessible  location.  Calibration  controls  shall  be  provided.  All 
other  functions  are  to  be  performed  from  a  remote  source. 

3.4  Detailed  performance  requirement 

3.4.1  General 

3. 4. 1.1  Output ;  10  volts  D.C.  min.  across  500  K  ohm  load  Impedance 
for  max.  peak  power  reading  on  scale  chosen.  Voltage  shall 
be  directly  proportional  to  peak  power  input. 

3 .4. 1.2  Prng-rniming?  All  programming  will  be  done  by  applying  ex¬ 
ternally  supplied  D.C.  levels  to  control  lines. 

3. 4. 1.2.1  Functions  Programmed  -  Power  Ranf^a* 

0-30  milliwatts 
0  -  100  milliwatts 
0  -  300  milliwatts 

3. 4. 1.2. 2  Prograomtlng  time  shall  not  exceed  25  milliseconds. 
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Progra— bl*  f»«k  Pow»r  Mater  (Contd) 

3. 4. 1.3  PoMBr  Haaiilraaantg ;  1Q5-12^  volts  single  phase  30  to 
420  cps. 

3<4.1.4  Wannip  tij&e  shall  not  exceed  43  seconds. 

3 .4. 1.3  Fraauancv  TUny  ^  400  MC  to  I8  KMC  with  suitable  bolcsMter 
■ounts  whleh  are  to  be  supplleu  with  meter. 

3. 4. 1.6  Aaonrecv;  ^  10j(  overall. 

3. 4. 1.7  Pill**  P^T^tltlon  Bate:  30  to  3000  pps. 

3. 4. 1.8  Pulse  Width!  .23  to  10  useo. 

3.4. 1.9  ?VdM  RIM  Tlati  -l^usec. 

3.4.1.10  Bolometer  mounts  must  be  capable  of  operation  up  to 
10  feet  from  meter. 
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Appendix  30 
PurchMe  Deserlptlon 

Prograuia'ble  Static  Praasure  Generator 


1.  Scope 

1.1  This  Purchase  Description  covers  the  detailed  req.ulreiaent8  for  a  pro> 
grsBBUible  static  pressure  generator.  This  Instrument  Is  capable  of 
supplying  air  or  an  Inert  gaa  at  programmable  conatant  preasurea. 

2.  Applicable  Docunenta  (MENE-PD-63) 

3.  Recmrements 

3.1  General  piirr»hA«e  Desortntloni  The  req.ulremanta  of  general  purchase  des- 
orlptlon  No.  MDnErPD-63  apply  aa  requlrementa  of  thla  purehaae  description. 
VIhen  the  tvo  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  unit  shall  perform  Its  designated  function  successfully  within  the 
operational  and  life  requirements  designated  herein. 

3.2.1  Service  Life;  10,000  hours  min. 

3*3  DBBlgn 

3.3.1  Controls !  An  auxiliary  on -off  switch  shall  be  provided  In  an  access¬ 
ible  location.  All  other  functions  are  to  be  perfozMd  from  a  remote 
source. 

3.3.2  TadioM^tora!  Remote  Indicators  shall  be  prorlded. 

3.4  Pet^iled  nerfnwenw.  tmaulreeants 

3.4.1  General 

3.4. 1.1  Output:  Pressures  from  2.^0  P8IA  to  14.3  P8IA  In  .23  psl 

steps . 

3. 4. 1.2  Max.  volume  in  which  pressure  imist  be  attained  and  maintained: 
0.1  cu.  ft. 

3 >4. 1.3  Accuracy:  Output  pressure  shall  be  within  +1^  of  programmed 
pressure . 

3. 4. 1.4  ScscoanlSfiJ  ah  programming  will  be  done  by  applying  ex¬ 
ternally  supplied  DC  levels  to  the  control  lines. 


L 
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gtfttle  Pr«»«urt  G<n«r>tor_  (Contd) 

3. 4. 1.4.1 

3. 4. 1.4. 2 

3. 4. 1.5  Powr  ItoouirMfntB !  105-125  Volts  AC  slugls  phase 
55  to  400  cycles 


riinr*1~~T  output  pressures  In  .25 
psl  steps  froB™0  psla  to  14.5  psia  minimum 
range. 

Programmed  pressure  +l^t  must  he  reached  within  2 
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Appendix  3^ 

PurchAM  Daecrlptlon 

PrognoMibl*  Speotrw  AoAlyMr  12.4  -  l6  KIC 


1.  Soope 

1.1  This  Purohue  Deaorlption  oo?«ra  tha  datallad  raqulrwaanta  for  a  procpraa- 
Mibla  apaotruB.analyaar  in  tha  12.4  KMC  to  Id  KMC  ranga. 

2.  Applleabla  Doovanta  (MEHE«PD-63) 

3.  HagulraBanta 


3.1  Tha  rafulraaanta  of  ganaral  purchaaa  doacrlptlon  No.  MDRE-PD-63  apply  as 
raqulraaanta  of  this  purohasa  dasorlptlon.  Whan  tha  tvo  purohasa  des¬ 
criptions  conflict,  this  purohasa  dasorlptlon  shall  govern. 

3.2  Tha  unit  shall  parfoxm  its  designated  function  successfully  within  the 
operational  and  life  raq,ulroBants  designated  herein. 

3.2.1  Service  Life;  10,000  hours  aln. 

3.3  Design 

3.3<1  Controls :  An  auxiliary  on-off  switch  and  a  isanual  dispersion 

seieetlon  switch  shall  be  provided  in  an  accessible  location.  All 
other  functions  are  to  be  perfomed  froa  a  remote  source. 

3<4  Detail  Perfomaaoe  HeaulrMwnts 

3.4.1  Qanaral 

3. 4. 1.1  P^r  Requir«eents :  103  -  12$  V  AC  33  to  420  ops 
slng!ie  phase. 

3. 4. 1.2  12  .  I8  IMC 

3. 4.1. 3  Dispersions t  IGNC,  30NC,  200MC. 

3.4. 1.4  Aoouraoy  of  frefuanoy  at  start  of  sweep  ^  .01^  of  program¬ 
med  value. 

3.4.1. 5  Sweep  Preguanoyt  0.1  to  30  ope. 

3. 4. 1.6  Output;  0  -  100  V  DC. 

3. 4. 1.7  Progra^ng;  All  programming  will  be  dona  by  applying  ax- 
ternaiiy  mqpplied  DC  levels  to  tha  Spectrum  Analyser  control 
lines. 
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Procrtutole  Sptotrum  Analywr  ia.4  -  l8  WC  (Contd) 


3. 4. 1.7.1  Fvmotlotut  Progrt— nd 

3.4. 1.7. 1.1  Frtq:iMnoy  at  start  of  svsap  shall 
ha  prograamahla  In  10  NO  staps. 

3. 4. 1.7. 1.2  Swsap  rata  progrswishla  at  .1  opa, 
1  ops,  10  ops,  30  ops. 

3. 4. 1.7. 1.3  Dlsparslon  progrsmahla  •  10  MO, 

30  MO  and  200  MO . 

3.4. 1.7. 2  Prograa  Coda;  8-4-2-1  BCD 
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Appendix  32 
PurchAM  Description 

Progransable  TIiMe  Mster 


1.  Scope 

1.1  This  Purohmse  Dssorlptlon  covers  th«  detailed  rsqulrsMnt  for  a  progrtm- 
aable  phase  aster. 

2.  Applicable  Documents  (MDRE-PD-€3) 

3.  Becmreaents 

3>1  general  Purchase  Description!  The  requlrsMuts  of  general  purchase  des¬ 
cription  No.  MIlll>rFD-o3  Apply  as  refolreaents  of  this  purchase  description. 
When  the  tvo  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3*8  The  unit  shall  psrfoza  its  designated  function  successfully  within  the 
operational  sad  life  req,ulreaents  designated  herein. 

3.2.1  Service  Life;  10,000  hours  aln. 


3>3>1  flontroia  t  An  auxiliary  on-off  fwltch  shall  be  provided  In  an 
accessible  location. 

3.4.1  general 

3. 4. 1.1  Output ;  10  volts  D.C.  across  -  ^00  K  dha  load  la- 
pedance  for  full  scale  aster  reading.  Output  voltage  shall 
be  directly  proportional  to  input  phase  angle . 

3. 4. 1.2  All  progreapsing  will  be  done  by  applying 
externally  supplied  DC  levels  to  phase  sMter  control  lines. 

a)  SaUBUJ  0  -  12*,  0  -  36*,  0  -  90*,  0  -  180*  .  A  switch 
shall  be  provided  to  add  I60*  to  above. 

b)  £2aSZlBiIULZiat.:  Kaxlaua  tlas  to  change  fros  one  range 
to  another  25  alUiseconds . 

3. 4. 1.3  WaauiLZiJMJ  45  sec.  navi, aim 
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>!•  Ph>M  ItetT  (Contd 


3>4*1*4  Powr  .  105.125  YOltS  •lllgl*  nhM* 

55  to  420  eyol«s. 

3»^*1»5  Intnit 


3A. 1.5.1 


2  me  to  30  me. 


3.^ .1.3 .2  1  volt  or  1«sb  for  full  Beal*  roadlng 

on  lowBBt  dagroB  bcbIb.  Input  of  up  to  30  voltB 
8hBj.l  not  nffeet  rending. 


3.4.1. 5.3 


mgcHm  or  more. 


20  uuf  or  leBB  shunted  by  1 


3*4. 1.6  Asamiflyi  +  1  degree  abeolute^  0.25  degree  zmlatlve. 


Appendix  33 
PurehMe  Dtierlptlon 

Prograauibl*  AaplituAe  NodalAtloD  Detector  end  Aspllfler 


1.  Scope 

1.1  This  PurchSLse  Description  covers  the  detailed  requirements  for  a  program¬ 
mable  amplitude  modulation  detector  and  amplifier.  This  instrument  is 
capable  of  detecting  anplltude  modulation  In  the  range  of  0  to  20  KC  from 
a  carrier  frequency  of  400  cps  to  30  MC. 

2.  Applicable  Documents  (llIllE-PD-63) 

3.  Requirements 

3.1  Oeneral  Pychaee  DMorlptloo:  The  requirements  of  general  purchase  das- 
crlptlon  IffonORr-ro-bS  apply  ae  refulxements  of  this  purchase  description. 
When  the  tee  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  unit  shall  perfom  Its  designated  function  successfully  within  the 
operational  and  life  requlrenants  designated  herein. 

3.2.1  Service  Life;  10,000  hours  minimum. 

3.3.1  Controls »  An  auxiliary  on-off  switch  shall  be  provided  In  accessible 
looailcn.  All  other  functions  are  to  be  performed  from  a  remote  source. 

3.U  Detail  Perfotmanoe  Requlreaents 

3.i^.l  Oeneral 

3. 4. 1.1  Input  Carrier  Treguency  Range  1  400  ops  to  30  MC. 

3>4.1.2  Input  Impedance:  1  megohm 

3*4. 1.3  Modulation  Range;  0  to  20  KC 

3.4. 1.4  Input  Signal  Amplitude;  0.1  volt  RNS  minimum. 

3.4.1.^  Output  Range;  0-10  volts  RMS. 

3*4. 1.6  Load  Impedance;  600  ohms  maTlmrai  loading 

3.4.1.7  Progre^ng;  All  programming  will  be  done  by  applying  ex- 
ternsLlly 'supplied  DC  levels  to  the  modulation  detector  and 
amplifier  control  lines. 
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Programmable  Aaplltude  Modulation  Detector  and  Anpllfler  (Contd) 


a.  Fuactlone  Prograanaed; 

1.  Amplifier  high  frequency  cutoff  shall  be  program •> 
mable  for  ^0  KC>  20  cpa,  2  opa  or  0.2^  ops. 

2.  Input  attenuation  shsdl  be  programmable  by  factors 
of  ten  (X  10)  and  one  hundred  (X  100) . 

3*  Amplifier  gain  shall  be  prograoaable  by  factors  of 
\mlty  (XI)  ten  (X  10)  and  one  hundred  (X  lOO). 

b.  ^ogramsilng  Time ;  The  maximum  time  required  to  change 
from  a  given  cutoff  characteristic  and  gain  or  attenuation 
to  a  nev  cutoff  charsicterlstlc  and  gain  or  attenuation 
shallnot  exceed  23  milliseconds. 

c.  Program  Memory;  Control  relays  shall  not  utilize  latch 
up  circuits  requiring  external  unlatch  commands.  A  pro- 
grammad  function  shall  remain  sat  up  only  while  the  ap¬ 
propriate  control  lines  are  held  at  the  most  positive  pro¬ 
gramming  voltage  level  with  respect  to  coianon.  When  a 
control  line  drops  to  the  most  negative  programming  vol- 
taga,  its  corraspondlng  relay  or  relays  will  da -energize. 

3A.I.6  Wa»-up  Timet  45  seconds  maximum 


Appendix  3^ 

Purchase  Description 

Programmable  D.C.  Power  Supply  0.1-35  \ 


Scope 

1.1  Scope:  This  specification  covers  the  general  and  detail  requirements  for  a 
programmable,  all  solid  state,  D.C.  power  mqqply  In  the  0. 1  -  35  V  range. 

Applicable  Documents  (MDNE-PD-63) 

Requirements 

3. 1  General  Purchase  Description;  The  requirements  of  general  purchase  des¬ 
cription  No.  MDNE-PD-63  iqtply  as  requirements  of  this  purchase  descr4>tlon. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3. 2  The  unit  shall  perform  its  designated  function  successfully  within  the  oper¬ 
ational  and  life  requirements  desigpiated  herein. 

3.2.1  Service  Life;  10,000  hours  min. 

3. 3  Design 

3. 3. 1  Controls:  An  auxiliary  on-off  switch  shall  be  provided  in  an  accessi¬ 
ble  location.  All  other  functi<His  are  to  be  performed  from  a  remote 
source. 

3.4  Detail  Performance  Requirements 

3.4.1  Power  Requirements:  105-125  VAC,  55-420  cps,  single  phase. 

3.4.2  Output  Voltage;  0.1-35  volts,  positive  or  negative  polarity,  in 
0.  IV  steps,  with  programming  accuracies  listed  below: 

0.1  -  5V+1% 

5V-35V  +  50mv 

3. 4. 3  Outyut  Current:  0  -  IV  150  ma.  max. 

IV  -  35V  2.5  amps  max. 

3.4.4  line  Regulation:  A  step  input  change  in  line  voltage  (-10%  to  +10% 

of  nominal)  will  not  cause  an  output  voltage  change  of  more  than  lo  mv 
while  delivering  1  volt,  or  more  than  50  mv  while  delivering  35  volts. 


3. 4. 5  Load  Regulation:  A  no  load  to  full  load  or  full  load  to  no  load  step 
change  will  not  cause  an  output  voltage  change  of  more  than  10  mv 
while  delivering  1  volt,  nor  more  than  50  mv  when  delivering  35  volts, 
within  50  microseconds  after  application  of  such  a  step  change. 

3.4.6  Transient  response  to  simultaneous  line  and  load  variations:  The 
output  voltage  shall  not  change  more  than  10  wr  while  delivering  one 
volt  nor  more  than  50  snr  while  delivering  35  volts  for  any  combination 
of  line  voltage  variations  (±10%  about  nominal)  and  load  changes  of  ±10%. 

3. 4. 7  Ripple:  The  ripple  voltage  in  the  output  shall  not  exceed  4  peak  to 
peak  under  all  combinations  of  input  voltage  and  load  variation. 

3. 4. 8  Stability:  The  output  voltage  shall  not  vary  more  than  ±1%  or  50  mv, 
whichever  is  less,  over  an  eight  hour  period. 

3.4.9  Output  Impedance:  Less  than  .1  ohm  from  D.C.  to  100  KC. 

3.4.10  Metering:  A  meter  shall  be  provided  with  a  -35V  to  +35V  scale  (0  volt 
mid-point).  The  accuracy  of  the  meter  shall  be  ±1%  full  scale. 

3. 4. 11  Short  Circuit  Protection:  Protection  shall  be  provided  against  short 
circuiting  the  power  supply. 

3. 4. 12  Output  Voltage  Terminals:  Both  terminals  shall  be  floating  with 
respect  to  ground.  With  one  terminal  considered  as  reference  the 
other's  polarity  shall  be  programmable  (+)  or  (-)  with  respect  to  the 
reference. 

3. 4. 13  Programming;  All  programming  will  be  done  by  applying  externally 
supplied  D.C.  levels  to  the  power  supply  control  lines. 

3. 4. 13. 1  Control  Lines;  The  output  voltage  shall  be  programmed 
means  of  ten  control  lines  weighted  as  follows: 


1. 

0,1V 

2. 

0.2V 

3. 

0.4V 

4. 

0.8V 

5. 

l.OV 

6. 

2.0V 

7. 

4.  OV 

8. 

8.0V 

9. 

10.  OV 

10. 

20.0V 
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Ranging  information  and  selection,  if  necessary,  shi^l 
be  obtained  irom  these  BCD  inputs  and  appropriate  logic 
circuitry  internal  to  the  supply.  lines  1-10  will  carry 
pure  BCD  information  (8-4-2-1) .  A  line  will  also  be 
provided  to  program  polarity. 

S.  4. 13. 2  Programming  Time:  The  maximum  time  required  to  change 
from  a  given  polarity  and  range  to  a  new  polarity  and  range 
shall  not  exceed  50  milliseconds. 

3.4.13.3  Transient  Behavior  During  Programming;  When  program¬ 
ming  a  more  positive  voltage  than  the  previously  programmed 
level,  the  output  voltage  waveform  shall  be  conttnuous  and  the 
transient  voltage  output  during  programming  shall  not  be  less 
positive  than  the  previous  level  or  exceed  the  newly  programmed 
level  by  more  than  1%. 

When  programming  a  voltage  less  positive  than  the 
previously  programmed  level,  the  output  voltage  during 
programming  shall  be  continuous  and  the  transient 
voltage  ou^ut  during  programming  shall  not  exceed  the 
previous  level  nor  fall  below  the  newly  programmed 
level  by  more  than  1%. 

3.4. 14  Switching  Tims;  50  milliseconds  maximum  to  be  within  the  regulation 
specified. 

3. 4. 15  Warnaup  Time;  The  time  required  after  application  of  primary  power 
for  the  output  voltage  to  be  programmable  with  the  accuracy  specified 
in  paragr^ih  3. 4. 2  shall  not  exceed  45  seconds. 


Appendix  35 
Purchase  Description 


Programmable  D.  C.  Power  Supply  22-32V  D.  C. 


1.  Scoim 

1. 1  Scope:  This  specification  covers  the  general  and  detail  requirements  for  a 
programmable,  all  solid  state,  D.C.  power  siqtply  in  the  22-32V  range. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3. 1  General  Purchase  Description:  The  requirements  of  general  purchase  des¬ 
cription  No.  MDNE-PD-63  apply  as  requirements  of  this  purchase  description. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3. 2  The  imit  shall  perform  its  designated  function  successfully  within  the  oper¬ 
ational  and  life  requirements  designated  herein. 

3.2.1  Service  Life:  10,000  hours  min, 

3. 3  Design 

3. 3. 1  Controls:  An  auxiliary  on-off  switch  shall  be  provided  in  an  accessi¬ 
ble  location.  All  other  functions  are  to  be  performed  from  a  remote 
source. 

3.  4  Detail  Performance  Requirements 

3.4.1  Power  Requirements:  105-125  VAC,  55-420  CPS,  single  phase. 

3.4.2  Output  Voltage:  22-32  volts,  positive  or  negative  polarity,  in  0.  Iv 
steps,  programming  accuracy  +  50  mv. 

3.4.3  Output  Current:  27  amps  max.. 

3.4.4  Line  Regulation:  A  step  input  change  in  line  voltage  (-10%  to  +10% 
of  nominal)  will  not  cause  an  output  voltage  change  of  more  than 
50  mv  while  delivering  27  volts. 

3. 4. 5  Load  Rqtulation:  A  no  load  to  full  load  or  full  load  to  no  load  step 
change  will  not  cause  an  output  voltage  change  of  more  than  50  mv 
while  delivering  27  volts,  within  50  microseconds  after  application 
of  such  a  step  change. 
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3.4.6  Transient  Response  to  Simultaneims  Utr  and  Load  Vaxiatiioiis;  The 
output  voltage  sh:i.ll  not  change  more  thaa  'iO  m'J  while  deliveiring 
27  volts  for  any  combin;(.ttori  of  line  volt :  :ge  etiinges  (+10%  about 
nominal)  and  load  ch,iiiiges  of  +10%. 

3.4.  7  Ripple :  The  ripple  voltage  Li  the  output,  sh-Ji  not;  ex-ieed  30  mv  pe.-Jc 
to  peak  under  all  combin/itions  of  'iiipu;;  voltage  and  load  variations. 

3.4. 8  Stability:  The  output  voifcige  shall  not  vary  more  thsiin  10  mv  over  aa 
eight  hour  period. 

3.4.9  Output  Impedance:  Less  than  .01  ohms  from  D.C.  *o  100  KC. 

3.4.10  Metering:  A  meter  shall  be  provided  with  a  -32v  :o  32v  scJe 
(0  volt  mid-poln:  .Tlie  acruracy  of  the  meter  shall  be  +1%  of  full 
scale. 


3.4.11  Short  Circuit  Protection:  Protection  slaall  be  provided  ag,ainst  short 
circuiting  the  power  supply. 

3.4.12  Output  Voltage  Termiivds:  Both  ternunais  shall  be  floxluig  witi) 
respect  to  ground.  With  one  termmal  considered  as  reference  the  othex  's 
polarity  shall  be  programmable  (+}  or  {-)  with  respect  to  the  reference. 

3. 4. 13  Programmir  g:  Aii  programming  wili  be  done  hy  applying  externally 
supplied  DC  levels  to  the  power  supply  ccrtrol  lines. 

3.4.13.1  Control  Lig.ee:  The  output  vci  t  ige  shall  be  programmed  hy 


means 

ct  rer,  cor.tro'l 

1  hies  w>^Igh"ed  as  follows 

1. 

O.IV 

6. 

2.0V 

2. 

0.2V 

r* 

6  • 

4.0V 

3. 

0.4V 

y  ^ 

8.0V 

4. 

0.  8V 

9. 

10.  OV 

.5. 

l.OV 

10. 

20.0V 

A  line  will  also  lie  p'-ovided  t.o  program  polarity.  Lines 
1-10  will  carry  pure  BCD  j.oformj  Uon  (8-4-2-- 1). 

3.4. 13.2  Programming  Time:  The  maximum  time  required  to 
change  from  a  given  pola rify  ind  range  to  a  new  polarity 
and  range  shall  not  exceed  50  milii.seronds. 

3.4.13.3  Transient  Behavior  During  Pr..»grH.mmi.ng:  When  program¬ 
ming  a  more  positive  voib3g<>  f.hai.  the  previously  programmed 
level,  the  output  vohage  waveform  shall  be  continuous  .ind 


3.4.13.3  ConUniuied 

the  transient  voltoige  onitpu^  duTing  prog'/'amming  shal] 
not  be  less  positive  than  the  pievious  level  or  exceed 
the  newly  programmed  level  by  more  than  1%.  When 
programming  a  voltage  less  positive  than  the  previously 
programmed  level,  the  outpuit  volhige  during  program¬ 
ming  shall  be  continuous  and  the  trinslent  voliige  output 
during  programming  shah  not  exceed  the  pievious  level 
nor  fall  below  the  newly  programmed  lev  el  by  mor  e  than  1%. 

3.4.14  Switching  Time:  50  milliseconds  maximum  to  he  within  the  regul.ition 
specified. 

3.4.15  Warmup  Time-.  The  t..me  required  after  apphcaCvon  of  p^cmary  po  ve  - 
for  the  output  vofhige  to  be  programmable  with  the  '.cru:'  icy  specified 
m  paragraph  3.4.2  shall  not  exceed  45  se  'onds. 


Appendix  36 
Purchase  Description 


Programmable  D. C.  Power  Supply  30-500 V 


1.  Scope 

1. 1  Scope:  This  specification  covers  the  general  and  detj-il  requirements  for 
a  programmable  D.  C.  povrer  supply  in  the  30-500V  range. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3.1  General  Purchase  Description;  The  requirements  of  geELf::-.ii  purrhrise  des¬ 
cription  No.  MDNE-PD-63  apply  as  requirements  of  tLls  paif  chase  desc  ription. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  unit  shall  perform  its  designated  function  successfully  within  the  oper¬ 
ational  and  life  requirements  designated  herein. 

3.2.1  Service  Life.  10,000  hours  min. 

3. 3  Design. 

3.3.1  Controls:  An  auxii^try  on-off  switch  shall  be  provided  ar  i.:  -ess.- 
ble  locution.  All  ether  fun..:tions  are  to  be  performed  from  u  remcf'. 
source . 

3.4  Det.a;l  Pcrformar:ce  Requirements 

3.4.1  Power  Requirements:  105 •12r  VAC,  5  5-420  cps,  saigie  pbj.se 

3.4.2  Output  VoPAge:  30-200V  m  1  voV,  sr.eps 

200~500V  Ln.  5  rol'.  st-'ps 
Positive  o.-  i'Cg.i...ve  po.arity 

Piogra.mnu.iiig  accuracy  30  -  500V  +0.  5% 

3.4.3  Output  Current:  1  amp  mitx. 

3.4.4  Line  Regulatron:  A  step  tnput  ch<inge  in  l^ne  vol'u.g.''  (■  10%  to  +10% 
of  nomiriiul)  will  not  c^^use  an  output  voltage  change  of  more  thui 
200  MV,  while  delivering  30-80  volts,  or  mo'c  IbuB.  +.25%  whlV 
delivering  80-500  volts. 


i 

I 

I 

1 


3.4.5  Load  Regnilatlon:  A  no  load  to  full  load  or  full  load  to  no  load  stnp 
change  will  not  cause  an  output  voltage  ch,ange  of  more  than  200  MV 
while  delivering  30-80  volts,  nor  more  than  +0. 25%  when  delivering 
80-500  volts ,  within  50  microseconds  afte  r  application  of  such  a 
step  change. 

3.4.6  Transient  Response  to  simultaneous  line  and  load  variations:  The 
output  voltage  shall  not  change  more  than  200  MV  while  delivering 
30-80  volts  nor  more  than  +0. 25%  while  delivering  200-500  volts 
for  any  combination  of  line  voltage  varlLations  (+10%  about  nominal) 
and  load  changes  of  +10%. 

3.4.  7  Ripple :  The  ripple  voltage  in  the  output  shall  not  ey.ceed  10  MV  peak 
to  peak  under  all  combinations  of  input  voltage  and  load  variation. 

\ 

3.4.8  Stability:  The  output  voltage  shall  not  vary  more  than  100  MV  over 
an  eight  hour  period. 

3.4.9  Output  Impedance:  Less  than  1  ohm  from  D.  C.  to  100  KC. 

3.4.10  Metering:  A  meter  shall  be  provided  with  a  0-50V,  0-500V  rd.nge. 
Range  and  polarity  shall  be  automatically  selected.  The  accur  acy 
of  the  meter  shall  be  +1%  of  full  scale. 

3.4.11  Short  Circuit  Protection:  Protection  shall  be  provided  against 
short  circuiting  the  power  supply. 

3.4.12  Output  Voltage  Terminals:  Both  terminals  shall  be  floating  with 
respect  to  ground.  With  one  terminal  consideced  as  reference  the 
other's  polarity  shall  be  programmable  (+)  or  «•■)  with  respect  to 
the  reference. 


3.4. 13  Programming:  All  programming  will  be  done  by  applying  eylernaliy 
supplied  D.  C.  levels  to  the  power  supply  control  lines. 

3.4.13.1  Control  Lines:  The  output  voltage  shall  be  programmed 
by  means  of  eleven  control  lines  weighted  as  follows: 


1. 

1  V 

6. 

20  V 

2. 

2  V 

7. 

40  V 

3. 

4  V 

8. 

80  V 

4. 

8  V 

S. 

100  V 

5. 

10  V 

10. 

200  V 

11. 

400  V 

Ranging  information  and  selection,  if  necess.iry,  shall  be 
obtained  from  these  BCD  inputs  and  appropriate  logic 
circuitry  internal  to  the  supply.  Lines  1  -  11  will  carry 
pure  BCD  information  (8-4- 2-1).  A  line  will  also  be 
provided  to  program  polarity. 


3.4.13.2  Programming  Time:  The  maximum  time  required  to  change 
from  a  given  polarity  and  range  to  a  new  polarity  and  range 
shall  not  exceed  50  milliseconds. 

3.4.13.3  Transient  Behavior  During  Programming:  When  program- 
ming  a  more  positive  voltage  than  the  previously  programmed 
level,  the  output  voltage  waveform  shall  be  cont:lnuou8  and  the 
transient  voltage  output  during  programming  shall  not  be  less 
positive  than  the  previous  level  or  exceed  the  newly  programmed 
level  by  more  than  1%. 

When  programming  a  voltage  less  positive  than  the  previously 
programmed  level,  the  output  voltage  during  piogrammiiag 
shall  be  continuous  and  the  transient  voltage  output  duriiKg 
programming  shall  not  exceed  the  previous  level  nor  fall 
below  the  newly  programmed  level  by  more  ttn.*  1%. 

3.4.14  Switching;  Time:  50  milliseconds  maximum  to  be  within  the  regulation 
specified. 

3.4.15  Warmup  Time:  The  time  required  after  application  of  primary  power 
for  the  output  voltage  to  be  programmable  with  the  accuracy  specified 
in  paragraph  3.4.2  shall  not  exceed  45  seconds. 


-256- 


Appendix  37 
Purchase  Description 

Programmable  D.C.  Power  Supply  500-6000  V  D.C. 


1.  Scope 

1. 1  Scope:  This  specification  covers  the  general  and  detail  requirements  for  a 
programmable  D.  C.  power  supply  in  the  500-6000  V  range. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3. 1  General  Purchase  Description:  The  requirements  of  general  purchase  des 
cription  No.  MDNE-PD-63  apply  as  requirements  of  this  purchase  description. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3. 2  The  unit  shall  perform  its  designated  function  successfully  within  the  oper¬ 
ational  and  life  requirements  designated  herein. 

3*  2.1  Service  Life:  10,000  hours  min. 

3. 3  Design 

3. 3. 1  Controls:  An  auxiliary  on-off  switch  shall  be  provided  in  an  accessi¬ 
ble  location.  All  other  functions  are  to  be  performed  from  a  remote 
source , 

3. 4  Detail  Performance  Requirements 

3.4.1  Power  Requirements:  105  -  125  V  A.C.  ,  55  -  420  CPS,  single  pluise. 

3.4.2  Output  Voltage:  500  -  6000V,  pos.  or  n«g. polarity  in  50  volt  stops. 
.  .  Programming  accuracy  +1% 

3.4.3  Output  Current:  800  ma.  to  1000  volts 

250  ma.  to  1000-6000  volts. 

3. 4. 4  line  Regulation:  A  variation  in  input  voltage  (+10%  of  nommal]iwill 
not  cause  an  output  voltage  change  of  more  than  +0. 5%. 

3.4. 5  Load  Regulation:  A  variation  of  +10%  in  the  load  will  not  c  mse  an 
output  voltage  change  of  more  than  +1%. 

3. 4. 6  Speed  of  Response:  2  seconds  maximum. 
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3.4.  7 


Ripple:  1%  R.  M. S.  over  entire  output  voltage  and  current  range. 


3. 4. 8  Stability:  The  output  voltage  shall  not  vary  more  than  0.  5%  over  an 
eight  hour  period. 

3.4.  9  Output  Impedance:  Less  than  10  ohms  from  D.  C.  to  100  KC. 

3. 4. 10  Metering:  A  three  range  meter  shall  be  provided  covering  the  entire 
output  range.  Meter  accuracy  +2^  full  scale.  The  meter  rangee.  shall 
be  automatically  switched. 

3.4.11  Short  Circuit  Protection:  Protection  shall  be  provided  against  short 
circuiting  the  power  supply. 

3. 4. 12  Over  Voltage  Protection:  Protection  shall  be  provided  against  over 
voltage  of  more  than  2%  while  programming. 

3. 4. 13  Programming:  All  programming  will  be  done  by  applying  externally 
supplied  D.  C.  levels  to  the  power  supply  control  lines. 

3.4.13.1  Control  Lines;  The  output  voltage  shall  be  programmable 
by  means  of  eight  control  lines  weighted  as  follows: 


1. 

50 

2. 

100 

3. 

200 

4. 

400 

5. 

800 

6. 

1000 

7. 

2000 

8. 

4000 

Ranging  information  and  selection,  if  necessary,  shall 
be  obtained  from  these  BCD  inputs  and  appropriate 
logic  circuitry  internal  to  the  supply. 

3.4.13.2  Programming  Time:  The  maximum  time  required  to  change 
from  a  given  range  to  a  new  range  shall  not  exceed 

25  milliseconds. 

3.4.13.3  Transient  Behavior  During  Programming:  When  program¬ 
ming  a  more  positive  voltage  than  the  previously  programmed 
level,  the  output  voltage  waveform  shall  be  continuous  and 
the  transient  voltage  output  during  programming  shall  not  be 
less  positive  than  the  previous  level  or  exceed  the  newly 
progframmed  level  by  more  than  2%.  When  programming  a 
voltage  less  positive  than  the  previously  programmed  level. 
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3.4.13.3  Continued 


the  output  voltage  during  programming  shall  be  continuous 
and  the  transient  voltage  output  during  programming  shall 
not  exceed  the  previous  level  nor  fall  below  the  newly 
programmed  level  by  more  than  2%. 

3. 4. 14  Switching  Time:  2  seconds  to  be  within  the  regulation  specified. 

3.4. 15  Warmup  Time:  The  time  required  after  application  of  primary  power 
for  the  output  voltage  to  be  programmable  with  the  accuracy  specified 
in  paragraph  3. 4. 2  shall  not  exceed  45  seconds. 
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Appendix  3^ 
Purchase  Description 


Progranunable  Phase  Referenced  400  C.P.S.  A.  C.  Power  Supply 


1.  Scope 


1.1  Scope:  This  specification  covers  the  general  and  detail  requirements  for 
a  programmable  phase  referenced  400  C.P.S.  A.C.  power  supply. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3. 1  General  Purchase  Description:  The  recpiirements  of  general  purchase  des¬ 
cription  No.  MDNE-PD-63  apply  as  requirements  of  this  purchase  description . 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3. 2  The  unit  shall  perform  its  designated  function  successfully  within  the  oper¬ 
ational  and  life  requirements  designated  herein. 

3.2.1  Service  Life:  10,000  hours  min. 

3. 3  Design 

3. 3. 1  Controls:  An  auxiliary  on-off  switch  shall  be  provided  in  an  accessi¬ 
ble  location.  All  other  functions  are  to  be  performed  from  a  remote 
source. 

3. 4  Detail  Performance  Requirements: 

3.4.1  Power  Requirements:  105-125V  A.  C.  ,  55-420  CPS,  Single  phase. 

3.4.2  Output  Voltage:  Reference  output  115V +1%  400  CPS +0.1%. 

Phase  shifted  programmable  output,  400  CPS. 

0-1  volt  RMS  in  0. 5  volt  steps 
1-30  volts  RMS  in  1  volt  steps 
115  volts  RMS 

Programming  Accuracy  O-IOV  +  .  1  volt 

10-30V,~115V  ±1% 

3.4. 3  Phase  Shift:  Provision  shall  be  included  to  shift  the  phase  of  the 
programmable  output  voltage  by:  (0,  +  30°, +90°  or  l80°) 

+  1  ^  accuracy 

With  respect  to  the  phase  of  the 
115V  A.C.  400  cycle  reference. 
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3.4.4 


Distortion:  Waveform  distortion  shall  be  less  than  5%. 


3.4.5  CXitput  Current:  Ref.  output:  4. Samp. 

Programmable  output: 

0-1  volt  0. 1  amp. 

IV  -  30  volt  3. 5  amps. 

115  volt  4. 5  amp. 

3.4.6  Static  Regulation:  A  variation  in  input  voltage  (tl0%  of  nominal) 
shall  not  cause  an  output  voltage  change  of  more  than  +  .  1  volt  in 
the  O-IOV  range  nor  more  than  +  2%  in  the  10-30V,  IISV  ranges. 

A  no  load  to  hill  load  or  full  load  to  no  load  step  change  shall  not 
cause  an  output  voltage  change  of  more  than  +  .  2  volt  in  the  O-IOV 
range  nor  more  than  +  2%  in  the  10-30  volt,  115  volt  ranges. 

3.4.  7  Speed  of  Response:  Power  supply  shall  be  capable  of  covering  20% 
of  the  programmed  range  voltage  within  1  sec. 

3.4.8  Response  to  simultaneous  line  and  load  variations;  The  output 
voltage  shall  not  change  more  than  +  .  2  volt  in  the  O-IOV  range  nor 
more  than  +  2%  in  the  10-30  volt,  115  volt  range  for  any  combination 
of  line  voltage  changes  (+10%  of  nominal)  and  load  changes  (±10%). 

3.4. 9  Output  Impedance:  Less  than  .  5  ohms. 

3.4.10  Metering:  A  meter  shall  be  provided  to  cover  the  0-30V  range.  The 
accuracy  of  the  meter  shall  be  ±1%  of  full  scale.  A  visual  indication, 
such  as  a  light,  shall  indicate  the  115  volt  setting.  The  meter  or  light 
shall  be  automatically  selected. 

3. 4. 11  Short  Circuit  Protection:  Provision  to  protect  the  power  supply  against 
short  circuit  shall  be  provided. 


3. 4. 12  Programming:  All  programming  will  be  done  by  applying  externally 
supplied  D.  C.  levels  to  the  power  supply  control  lines. 

3. 4.12.1  Control  Lines:  The  output  voltage  shall  be  programmed  by 
means  of  eight  control  lines  weighted  as  follows: 


1. 

0.5V 

2. 

1.0 

3. 

2.0 

4. 

4.0 

5. 

8.0 

6. 

10.0 

7. 

20.0 

8. 

100. 
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Ranging  information  and  selection,  if  necessary,  shall 
be  obtained  from  these  inputs  and  appropriate  logic 
circuitry  internal  to  the  supply.  Phase  shift  will 
be  programmed  by  three  lines  weighted  as  follows: 


1. 

2. 

3. 


180 


0 


o 

A  logic  zero  level  indicates  either  0  or  positive  phase 
shift . 

A  logic  one  level  Indicates  either  l80°  or  negative 
phase  shift. 


3 •4.12.2  Programmii^  Time;  The  maiximum  time  required  to  chajige 
from  a  given  range,  volteige  and  phase  to  a  new  range, 
voltage  and  phase  shall  not  exceed  ^0  milliseconds. 


3.4.12.3  Transient  Behavior  During  Programming;  When  program¬ 
ming  a  higher  voltage  than  the  previously  programmed 
level,  the  output  voltage  waveform  shall  be  continuous 
and  the  transient  voltage  output  during  programming 
shall  not  be  leas  than  the  previous  level  or  exceed 
the  newly  programmed  level  by  more  than  3%.  When  pro¬ 
gramming  a  voltage  less  than  the  previously  prograamed 
level,  the  output  voltage  waveform  during  programming 
shall  be  continuous  and  the  transient  voltage  output 
during  prograonlng  shall  not  exceed  the  previous  level 
nor  fall  below  the  newly  programmed  level  by  more  than 


3.4.13  Warmup  Time;  The  time  required  eifter  application  of  primary 

power  for  the  output  voltage  to  be  programmable  with  the  accuracy 
specified  in  paragraph  3*4.2  shall  not  exceed  4^  seconds. 
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Appsniiix  3^ 


Purchase  Description 

Programmable  A.C.  Power  Supply  16-300'  vAC 


1.  Scope 

1.1  Scope;  This  specification  covers  the  general  and  detail  requirements  for  a 
programmable  A.C.  power  supply  in  the  16-300  VAC  rang*.. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3.1  General  Purchase  Description:  The  requirements  of  general  purchase  des 
cription  No.  MDNE-PD-63  apply  as  requirements  of  this  purchase  description. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  vmit  shall  perform  its  designated  function  successfully  within  the  oper¬ 
ational  and  life  requirements  designated  herein. 

3.2.1  Service  Life;  10.000  hours  min. 

..  '  -  -  ■“  ■  ■■ 

3. 3  Design 

3. 3. 1  Controls:  An  auxiliary  on-off  switch  shall  be  provided  in  an  accessi¬ 
ble  location.  All  other  functions  are  to  be  performed  from  a  remote 
source. 

3.4  Detail  Performance  Requirements 

3.4.1  Power  Requirements:  105-125  VAC,  55-420  CPS,  single  phase 


3.4.2  Output  Voltage:  16-40V  RMS 

in 

2  volt  steps 

40-100V  RMS 

in 

5  volt  steps 

100-300V  RMS 

in 

10  volt  steps 

Programming  Accuracy 

±2% 

3. 4. 3  Output  Current:  7  amps  max. 

3.4.4  Static  Regulation:  A  variation  in  input  voltage  (±10%  of  nominal) 
shall  not  cause  an  output  voltage  change  of  more  than  ±1%.  A  50% 
to  100%  change  in  load  shall  not  cause  an  output  voltage  change  of 
more  than  +2%. 


3.4.5 

3.4.6 

3.4.7 

3.4.8 

3.4.9 

3.4.10 


Speed  of  Responiae:  PoweT  supply  shaJl  be  capable  of  coveriijg  20%  of 
the  programmed  range  voltage  within  1  sec. 

Response  to  Simultaneous  .line  and  Load  VariatioiDis:  The  output 
voltage  shall  not  change  more  than  +2%  for  ray  combination  of  line 
voltage  change  (+10%  of  nominal)  and  load  rhange  of  +10%  ovei  the 
input  frequency  range. 

Output  Impedance:  Less  than  .  5  ohms. 

Metering:  A  meter  shall  be  provided  to  cover  the  output  voltage  iii 
two  ranges  (0-50V,  0-500V).  The  meter  ranges  shall  be  automaticaDly 
selected  depending  on  the  voltage  programmed.  The  accuracy  of  the 
meter  shall  be  +2%  of  full  scale. 

Short  Circuit  Protection:  Provision  to  protect  the  power  supply 
against  short  circuit  shall  be  provided. 

Programming:  Art  progi  ammtng  wi(i  be  done  by  applying  externally 
supplied  D.  C.  levels  to  the  power  supply  control  lines. 

3.4. 10.1  Control  Lines:  The  octput  voltage  shall  be  programmed  by 
means  of  ten  control  lines  weighted  as  follows; 


1. 

1 

2. 

2 

3. 

4 

4. 

8 

5. 

10 

20 

7. 

40 

8. 

80 

9. 

100 

10. 

200 

Ranging  info rmai:’ on  and  selef '  'oiij  if  necessaTy,  sh-ili  be 
obtained  from  these  BCD  Inpiutts  and  .ippropiJate  logic 
circuitry  mtema.1  to  the  supply. 

3.4.10.2  Programming  Time:  The  ma.xumvm  rime  required  to  '  h'suge 
from  a  given  range  and  voltage  :.o  a  new  T’lange  and  voltage 
shall  not  exceed  50  milliseconds. 

3.4.10.3  Transient  BehaviO'C  During  Programnrljgg:  Whicn  program- 
ming  a  higher  voltage  than  She  previously  programmed 
level,  the  ou;'put  voltage  wavefo.rm  sha’ll  b^p  coxt’i'teiuous  .-md 
the  1:ra.nsi>ni-  voltige  ou(,put  dur-ing  programming  shall  not  be 
less  t  h  o,  a  :  I.  c  previous  'Jev'cl.  or  exceed  the  newly 


prograramftd  lev'el  'by  more  th&n  'fjo.  When  progrMii.,ng 
a  volbage  less  than  the  previously  progreitimed  level, 
the  output  voltage  waveform  shall  he  continuous  and 
the  transient  voltage  output  during  progranming  shall, 
not  exceed  the  previous  level  nor  fall  'below  the  newl  y 
programmed  level  by  more  than 

Warmup  Time ;  The  time  re-i:i.l re i  a.r'ter-  appli'".  loion  of  prlma,ry  pcu? 
for  the  output  voltage  to  te  prograiiimabie  with  the-  ac tu 
specified  in  p.aTagraph  shall  not  exceed  seconds. 


Appendix  40 
Purchase  Description 

Programmable  A.  C.  Power  Supply  (6.3V) 


1.  Scope 

1. 1  Scope:  This  specification  covers  the  general  and  detail  requirements  for  an 
A.  C.  power  supply  in  the  6. 3V  range. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3.  i  General  Purchase  Description:  The  requirements  of  general  purchase  des¬ 
cription  No.  MDNE-PD-63  apply  as  requirements  of  this  purchase  description. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3. 2  The  unit  shall  perform  Its  designated  function  successfully  within  the  oper¬ 
ational  and  life  requirements  designated  herein. 

3.2.1  Service  Life:  10,000  hours  min. 

3. 3  Design 

3.3.1  Controls:  An  auxiliary  on-off  switch  shall  be  provided  in  an  accessi¬ 
ble  location.  All  other  functions  are  to  be  performed  from  a  remote 
source. 

3.4  Detail  PerfornMuioe  Requirements 

3.4.1  Power  Requirements;  106-126V  AC»  66-420  ops,  single  phase 

3.4.2  Output  Voltage:  6.3V  AC 

3.4.3  Output  Current;  10  amps  maximum. 

3. 4. 4  Static  Regulation;  A  variation  in  Input  voltage  (+10%  of  nominal)  shall 
not  cause  an  output  voltage  change  of  more  than’V.  6%. 

A  no  load  to  full  load  or  hill  load  to  no  load  step  change  shall  not 
cause  an  output  voltage  change  of  more  than  +2^. 

3.4.5  Speed  of  Response;  .SSvolts/seo 
3*4.6  Output  Frequency;  400  cps  +  5^. 
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3.4.7  ResponBe  to  Simultaneous  line  and  Load  Variations:  The  output 
voltage  shall  not  change  more  than  +2%  for  any  combination  of  line 
voltage  change  (+10%  of  nominal)  and  load  changes  of  +10%. 

3.4.8  Output  Impedance:  Less  than  .01  ohm. 

3.4.9  Short  Circuit  Protection:  Provision  shall  be  made  to  protect  the  power 
supply  against  short  circuit. 

3. 4.10  Warmup  Time:  The  time  required  after  application  of  primary  power 
for  the  output  voltage  to  be  within  the  accuracy  specified  in  Paragraph 
3. 4. 2  shall  not  exceed  45  sec. 


-267- 


Appendix  4l 
Purchfts*  Description 

ProgruBAble  30  eps  Supply 


1.1  This  Purchase  Description  covers  the  detailed  requirements  for  a  program¬ 
mable  30  cps  pover  supply. 

Appllcalle  Documents  (MDNE-PD-63) 

Requirements 

3-1  General  Purchase  Desoription;  The  requirements  of  general  purchwe  des- 
criptlon  No.  tolni-lE^-55  apply  as  requirements  of  this  purchase  description. 
When  the  two  purchase  descriptions  conl’lLct,  this  purchase  description  shall 
govern . 

'i.2  The  unit  shall  perform  its  designated  function  successfully  within  the 
operational,  and  life  requirements  designated  herein. 

3.2.1  Service  Life:  10,000  hrs.  min. 

3.3  Design 

3<3<1  Controls ;  An  auxillsxy  on-off  switch  shall  be  provided  in  acces- 
si\3le  location.  All  other  functions  are  to  be  perfozned  from  a  re¬ 
mote  source. 

3.^  Detail  Perfonnance  Requirements 

3.4.1  General 

3 >4. 1.1  Programing ;  All  programming  will  be  done  by  applying  ex- 
ternaliy  supplied  DC  levels  to  the  30  cps  power  supply. 

a.  Type  of  function  prograaned  -  The  30  cps  power  supply 
shall  be  prograomable  to  furnish  either  a  reference  30 
cps  and  +  or  -  90"  phwe  shifted  outputs  (resolver  input 
simulation)  or  a  reference  30  cps  and  2  I80*  pha^e 
shifted  outputs  (synchro  simulation). 

b.  Output  Voltaige  PrograoBiing  -  Output  voltaige  of  the  +  90® 
phase  shifted  outputs  shall  be  programmable  in  the  range 
of  2.2  volts, to  10.2  volts  in  1  volt  steps.  Oubput  vol¬ 
tage  of  the  2  180*  phase  shifted  outputs  shall  be  program¬ 
mable  in  the  range  of  0  volts  to  20  volts  in  1  volt  steps. 


ProgrMmaljle  30  ops  Supply  (Contd) 


c.  Programming  Time  -  The  maxlmim  time  required  to 
change  from  a  given  type  output  to  a  new  type  out¬ 
put  shall  not  exceed  2^  milliaeconds . 

d.  Program  Memory  -  Function  control  relays  shall  not 
utilize  latch  up  circuits  requiring  external  unlatch 
commands.  A  programmed  function  shall  remain  set  up 
only  while  the  appropriate  control  lines  are  held  at 
the  most  positive  programming  voltage  level  with  re¬ 
spect  to  coBsaon.  When  a  control  line  d-*'ops  to  the 
most  negative  prograioBlng  voltage,  it's  corresponding 
relay,  or  ralays  will  return  to  the  de-energized  state. 

3. 4. 1.2  30  cps  Source;  The  30  cps  power  supply  shall  be  capable  of 
^nenting  its  own  internal  30  cps  signal  source  or  ur  lug  an 
external  30  cps  source. 

3. 4. 1.2.1  Frequency  Accuracy;  The  30  cps  internal  signal 
source  frequency  accuracy  shall  be  +  1^. 

3. 4. 1.2. 2  Distortion ;  Distortion  in  either  reference  output 
or  phaee”Thifted  outputs  shall  be  less  than 

3.4.2  Reference  and  +  90**  Pfaauae  Shifted  Outputs;  In  this  mode  of  operation, 
a  reference  ^0~cps  and  a  phatse  shix'ted  output  at  +  90“  or  -  90*  with 
respect  to  the  reference  shall  be  available. 

3. 4. 2.1  Output  Voltage:  Outinit  voltage  of  reference  shall  equal  out- 
put  voltage  OT  phase  shifted  component.  These  outputs  shall 
be  simultaneously  programaable  over  the  range  of  2.2V  -  10.2 
volts  in  1  V  steps.  Output  voltage  accurausy  ^  2^. 

3. 4. 2. 2  Output  Current;  The  power  supply  shall  be  capable  of 
furnishing  20  ma  from  the  reference  and  each  phase  shifted 
output . 

3.4.3  Reference  and  I80*  Ihaae  Shifted  Outputs:  In  this  mode  of  operation 
the  power  supply  shadl  be  capable  of  furnishing  a  REF  and  two  isolated 
180“  phase  shifted  outputs. 

3.4. 3.1  Output  Voltage;  Output  voltage  of  REF  and  100“  phase  shifted 
outputs  shall  be  independently  prograjaaable  over  the  range  of 

OV  to  20V  in  IV  steps,  output  voltage  accuracy  +  2^. 

3.4. 3.2  Output  Currant;  The  power  supply  shall  be  capable  of  fuml- 
shing  ^6  ma  from  each  output. 
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Appendix  42 
Purchase  Description 


Programmable  A.  C.  Power  Supply  95-130V. 


1.  Scope 

1. 1  Scope:  This  specification  covers  the  general  and  detail  requirements  for  a 
programmable  A.  C.  power  supply  in  the  95- 130V  range. 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3. 1  General  Purchase  Description:  The  requirements  of  general  purchase  des¬ 
cription  No.  MDNE~PD-63  apply  as  requirements  of  this  purchase  description. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3. 2  The  unit  shall  perform  its  designated  function  successfully  within  the 
operational  and  life  requirements  designated  herein. 

3.2.1  Service  Life:  10,000  hours  min. 

3. 3  Design 

3. 3. 1  Controls:  An  auxiliary  on-off  switch  shall  be  provided  in  an  accessi¬ 
ble  location.  All  other  functions  are  to  be  performed  from  a  remote 
source . 

3.4  Detail  Performance  Requirements 

3.4.1  Power  Requirements:  105-125V  AC,  55-420  cps,  three  phase. 

3.4.2  Output  voltage:  95  -  130  volts  AC  in  1  volt  steps, programming 
accuracy  +1  volt.  Output  frequency  380  -  420  cps. 

3.4.3  Output  Current:  40  amps  max. 

3.4.4  Static  Regulation:  A  variation  in  input  voltage  (+10%  of  nominal)  shall 
not  cause  an  output  voltage  change  of  more  than  +0.  5%  from  9^  -130  volts 
output.  A  no  load  to  full  load  or  full  load  to  no  load  step  change  shall 
not  cause  an  output  voltage  change  of  more  than  ±Z%. 

3.4.5  Speed  of  Response;  20  volts/sec. 
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3.4.6  Response  to  Simultaneous  Line  and  Load  Variations:  The  output 
voltage  shall  not  change  more  than  +1%  for  any  combination  of  line 
voltage  changes  (+10%  about  nominal)  and  load  changes  of  ±10% 
over  the  input  frequency  ranrje. 

3.4.7  Output  Impedance:  Less  than,  ,0b  ohms. 

3.4.8  Meter  inn:  A  metor  shall  be  provided  to  cover  the  output  voltage 
range.  The  accuracy  oF  the  meter  shall  be  +1%  of  full  scale. 

3. 4. 9  Short  Circuit  ProtectiorA:  Provision  to  protect  the  power  supply 
against  short  circuit  shall  be  provided. 

3. 4. 10  Programming:  All  pro.p.-amm).?>.^,  will  be  done  by  applying  externally 
supplied  D.C.  levels  to  the  jx>v/er  supply  control  lines, 

3.  4. 10. 1  Control  Lio-es:  The  output  voltage  shall  be  programmed 

•by  meaa.!5  of  rane  control  lines  weighted  as  follows: 

1.  1 

2.  2 

3. 

4.  C 

5.  10 

6.  20 

7.  'iO 

8.  00 

9.  100 

3.4.10.2  PrOj,:rammi::;. .  Time:  The  maximum  allowable  time  for 
switching  from  one  voitare  level  to  another  shall  not 
exceed  23  miUisec. 

3. 4. 10. 3  Transient  •'■ehavior  During  Programming:  Wlien  program¬ 

ming  a  hlg  her  volta.:.:e  titan  the  previously  programmed 
level,  the  output  voltage  waveform  shall  be  continuous  and 
the  transient  voltage  output  durins  programming  shall  not  be 
le-sc  than  the  previous  level  or  exceed  the  nev/h/ 

programmed  level  by  more  than  1%.  V7hen  programmin.;;  a 
voltage  less  than  the  previously  programmed  level, 

t'..e  output  voltage  waveform  shall  be  continuous,  and  the 
transient  voltage  output  during  programming  shall  not 
exceed  the  previous  level  nor  fall  below  the  newly  progTammed 
level  ir/  more  than  1%. 


I 


3.C:,  ll  Warmup  Time:  The  time  required  after  application  of  primary  power 
for  the  output  voltage  to  be  programmable  with  the  accuracy  specified 
in  paragraph  3. 4. 2  shall  not  exceed  45  seconds. 
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Appendix  k'i 
Purchase  Description 

Prograniinable  A.  C.  Power  Supply 


1.  Scope 

1.1  Scope:  This  specification  covers  the  general  and  detail  requirements  of  an 
A.  C.  power  supply  (104-130  volts,, three  phase) 

2.  Applicable  Documents  (MDNE-PD-63) 

3.  Requirements 

3. 1  General  Purchase  Description:  The  requirements  of  general  purchase  des¬ 
cription  No.  MDNE-PD-63  apply  as  requirements  of  this  purchase  description. 
When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3. 2  The  unit  shall  perform  its  designated  function  successfully  within  the  oper¬ 
ational  and  life  requirements  desig^nated  herein. 

3.2.1  Service  Life;  10,000  hours  min. 

3. 3  Design 

3. 3.1  Controls:  An  aiudliary  on-off  switch  shall  be  provided  in  tvi  accessi¬ 
ble  location.  All  other  functions  are  to  be  performed  from  a  remote 
source. 

3.4  Detail  Peiformance  Requirements 

3.4.1  Power  Requirement:  105-125V  AC  per  phase,  55-420  cps,  three 
phase,  wye  connected. 

3.4.2  Output  Voltage:  104-130  volts  AC  per  phase  in  2  volt  steps,  380-420  cps 
Programming  Accuracy  +1  volt. 

3.4.3  Output  Current:  15  amps  max.  per  phase. 

3. 4. 4  Static  Regulation:  A  variation  in  input  voltage  (+10%  of  nominal)  shall 
not  cause  an  output  voltage  change  of  more  than  +  .5%. 

A  no  load  to  full  load  or  full  load  to  no  load  step  shall  not  c:^use  an 
output  voltage  change  of  more  than  +1%. 

3.4.5  Speed  of  Response:  20  volts/sec. 
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3.4.6 


Response  to  Simultaneous  Line  and  Load  VariationB:  The  output 
voltage  shall  not  change  more  than  +1%  for  any  combination  of  line 
voltage  variation  (+10%  of  nominal)  and  load  change  (+10%) . 

3.4.7  Output  Impedance:  Less  than  .(>5  ohms. 

3. 4. 8  Metering:  A  meter  shall  be  provided  to  cover  the  output  voltage 
range.  The  accuracy  of  the  meter  shall  be  +1%  of  full  scale. 

3.4. 9  Short  Circuit  Protectiori:  Provision  to  protect  the  power  supply 
against  short  circuit  shall  be  provided. 

3.4.10  Programming:  All  programming  will  be  done  by  applying  externally 
supplied  D.  C.  levels  to  the  power  supply  control  lines. 

3. 4. 10. 1  Control  lines:  The  output  voltage  shall  be  programmed  by 
means  of  eight  control  lines  weighted  as  follows: 


1. 

2 

2. 

4 

3. 

8 

4. 

10 

5. 

20 

6. 

40 

7. 

80 

8. 

100 

3.4.10.2  Programming  Time:  The  maximum  allowable  time  for 
switching  from  one  voltage  level  to  another  sh:all  not 
exceed  25  millisec. 

3.4.10.3  Transient  Behavior  During  Programming:  When  program¬ 

ming  a  higher  voltage  than  the  previously  programmed 
level,  the  output  voltage  waveform  shall  be  continuous  and 
the  transient  voltage  output  during  programming  shall  not  be 
less  than  the  previous  level  or  exceed  the  newly 

programmed  level  by  more  than  1%.  When  programming  a 
voltage  less  than  the  previously  programmed  level, 

the  output  voltage  waveform  shall  be  continuous ,  and  the 
transient  voltage  output  during  programming  shall  not  exceed 
the  previous  level  nor  fall  below  the  newly  programmed 
level  by  more  than  1%. 


3.4.11  Warmup  Time:  The  time  required  after  application  of  primary  power 
for  the  output  voltage  to  be  programmable  with  the  accuracy  specified 
in  paragraph  3.4. 2  shall  not  exceed  45  seconds. 
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Appandlr.  4’4- 

Purchase  Description 


PrograaBahle  Transfer  Oscillator  12>l8  KMC! 


1.  Scope 

1.1  This  Purchase  Description  covers  the  detailed  requirements  for  a  program- 
mahle  transfer  oscillator  and  mixer  for  frequency  measuraiMnts  In  the 
range  of  12-18  KMC. 

2.  Applicable  Docxments  (MraiE-PD-63) 

3.  Requirements 

3.1  General  Purchase  Description;  The  requirements  of  genersJ.  purchase  des- 

erlptlon  Ho.  apply  as  requirements  of  this  purchase  description. 

When  the  two  purchase  descriptions  conflict,  this  purchase  description  shall 
govern. 

3.2  The  unit  shall  perform  its  designated  function  successfully  within  the 
operational  and  life  requirements  designated  herein. 

3.2.1  Service  Life;  10,000  hours  min. 

3.3  Design 

3.3.1  Controls ;  An  auxiliary  on-off  switch  shall  be  provided  In  an  accas- 
sl^ie  location.  All  other  functions  are  to  be  performed  from  a  re¬ 
mote  source. 

3.4  Detailed  Performance  Requirements 


3.4.1  General 

3. 4. 1.1  Power  Requirements;  105  -  125  V  AC  55  -  420  cps  single 

phase . 

3. 4. 1.2  Sensitivity;  .1  V  RMS 

3.4. 1.3  Frequency  Range ;  12  -  I8  KMC 

3. 4. 1.4  Resolution ;  100  MC 

3. 4. 1.5  Accuracy ;  .0005^t 

3. 4. 1.6  Power  Output:  50  milliwatts 
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Prograana'ble  Transfer  Oscillator  12-16  KMC  (Contd) 


3. 4. 1.7  Progr^lng;  All  prograamlng  will  Ise  done  by  applying  ex- 
taziially 'supplied  DC  levels  to  the  transfer  osolllator  con¬ 
trol  lines. 

3. 4. 1.7.1  Functions  Programmed 

3. 4. 1.7. 1.1  Frequency  in  100  MC  steps  from  12 
to  18  KMC 

3. 4. 1.7. 2  Progrannlng  Tlae:  Maximum  time  to  change  frcn 
one  frequency  to  another  shall  be  2^  milliseconds. 


App^allT. 

PURCHASE  DESCRIPTION 
PrograanAble  Function  Generator 


1.  Scope 

1.1  This  purchase  description  covers  the  detailed  requirements  for  a  pro- 
grammahle  function  generator  capable  of  generating  sawtooth,  triangular  and 
trapezoidal  wave  shapes  frcm  a  square  wave  or  pulse  Input. 

2.  Applicable  Documfnts  (MDNE-PD-63) 

3.  Requirements 

3.1  General  Purchase  Description;  The  requirements  of  general  Purchase 
description  MEijE-J*D-6j  apply  as  requirements  of  this  purchase  description,  'fhen 
the  two  purchase  descriptions  conflict,  this  purchase  description  shall  go  em. 

3.2  The  unit  shall  perfoxm  Its  designated  function  successfully  within  the 
operational  and  life  requirements  designated  herein. 

3.2.1  Service  Life;  10,000  hours  min. 

3.3  Design 

3.3*1  Controls ;  An  auxiliary  on-off  switch  shaG.1  be  provided  in  an 
accessible  location.  All  other  functions  are  to  be  performed  frcm  a  remote 
source . 

3.**  Detailed  Performance  Requirements 

3.4.1  General 

3. 4. 1.1  Power  requirements  105-125  V  AC  -  50  to  420  cycles  single 
phase . 

3. 4. 1.2  Frequency  range  100  to  2500  pps  depending  on  frequency  of 
driving  pulse. 

3. 4. 1.3  Output  -  Programmable  0  -  50  V  peak  in  5  volt  steps 

+  5^  of  programmed  value.  Triangular,  Trapezoidal  or  sawtooth  waves. 

3. 4. 1.4  Retrace  time  of  sawtooth  shall  be  less  than  5^  of  trace  at  all 
frequencies . 

3. 4. 1.5  Non  Linearity  of  trace  and  of  triangular  wave  shsll  be  less 
than  1^. 
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Progn— abl«  Function  Generator  (Contd) 


3 *4. 1.6  Rise  tine  of  trepe.zold  shell  be  vs^rleble  by  preset 
nsnual  sdjustnent  between  .3  to  5  milliseconds,  non  programsiable . 

3. 4. 1.7  ProgrsoB&lng  -  All  programming  vlll  be  done  by  applying  ex¬ 
ternally  supplied  IXI  levels  to  control  lines. 

3. 4. 1.7.1  Type  of  wave,  triangular,  sawtooth  or  trapsaoldal 
shall  be  programmable. 

3. 4. 1.7. 2  Output  shall  be  programmable  for  0  to  30  volts 
peak  +  3^  of  programmed  value.  In  3  volt  steps. 

3. 4. 1.7. 3  Programming  time  to  go  froai  one  type  of  wave  to 
another  or  one  output  to  another  shall  not  exceed  23 
milliseconds . 


f 


Avpftndix  46 

I^aiRAMkEK  ••COJriROLLER  SPEC  IPIGATION 


1 .  General  Re<iuirtaReats 

fflie  liai'vlc  i'lEi.e'tic.an  oi‘  the  Progrii-anmer'-Coritrollftr  tihall  be  to  detect  and 
Intei'pret  inforroitlon  contal!3.ed  nn  a  ceded  perfomted  tape  and  oa  tlie  basis  of 
this  infoinaation  tf.>: 

!5,.  Prcd,u:^e  e.utprtii  cay/.i.b3.e  :1‘  selecting  and  prograiiming  atiiaulus 
generaterL-s,  F'witchia>.g  «:iitc,  response  monitorfi;  and  prograim'ible 
accansories . 

')■<.  C-r^irnKire  a  aeanm-f.d  •vT'df.e  iVont.  a  response  monitor  vith  preset  limits 
for  that  maaoTirement . 

c:.  Recrrd  the  meainxrei  parameter  and  teat  e-valufition,  store  the  test 
rc>vol.t  Fuid  nolect  tlie  n.ex'i;.  test  c.s  required  by  the  evaluation, 
d.  Signal  a.;:.d  t.ranomit  t?;fd-,  information  and  +;.ipe  instnictionr.  to  a 
C’..ntril  C>Kput-sr,  direct  the  test  system  a  s  commanded  by  the  Con¬ 
trol  C  i.'apiiter . 

1.1  Pi'ogram  Control  •'  Tlie  Programmer -Controller  shall  be  capable  of  operating 
antomtically  from  instructions  on  the  tape,  .oemi-automtically  vith  inf.!tructions 
from  the  trips  and  raodcr  contivl  C'f  r.he  op'ercitcr,  man'ually  with  instructions  from 
the  operator  or  unier  direction  C'f  the  Control  Computer. 

1.2  Fail  Safe  -  Provision  shall  be  male  for  test  system  shut  do'f^  without 
dainage  to  the  system  or  equipment  TUider  test  in  the  event  of  a  malfunction  in  the 
system . 


1.3  Reliability  and  Self  Test  -  Reliability  shall  be  a  prime  design  objective 

t.c  obtain  a  maximua  trouble  free  operating  period.  Solid  state  devices  shall  be 
used  wherever  practicr-.l.  Privvision  shall  be  made  for  cclf  teste,  that  will  verify 
proper  operation  c-f  all  fin;.''jtlor,n . 
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1.4 


yault  Isolation  and  Maintainability  -  Hault  Isolation  devices  shall 


be  provided  In  the  Progreunmer-Controller  to  facilitate  quick  Isolation  of  a  mal¬ 
function.  To  Insure  optimum  maintainability  and  supportablllty,  the  construction 
shall  be  of  a  modular  type  with  division  by  function  (i.e.,  tape  reader  with  drive 
and  read  circuitry,  conqiarator  with  limit  registers  and  gating,  printer  with 
storage  registers,  decoders  and  drivers).  All  appropriate  fault  Isolation  devices 
and  indicators  should  be  physically  located  on  the  module  or  building  block  with 
which  they  are  associated. 


2.  Tape  Reader 

The  tape  reader  shall  be  a  motor-driven  bi-directional,  ei^t  level, 
photoelectric  sensing  type  capable  of  sensing  coded  perforated  Intelligence  on 
the  program  tape  and  converting  this  intelligence  into  electrical  signals  that  can 
be  decoded  by  a  binary  decoding  sytem.  The  tape  reader  shall  be  capable  of  per¬ 
forming  these  conversions  at  a  rate  of  at  least  15O  frames  per  second,  slew 
(rewind)  at  a  rate  of  at  least  8OO  frames  per  second  and  so  designed  that  it  can 
be  stopped  on  the  frame  that  emits  the  tape  stop  command,  except  during  rewind. 


2.1  General  Operation  -  Once  actxjated  by  its  manual  start  switches,  the  tape 

reader  shall  process  the  tape  under  automatic  or  semi-automatic  (manually  controlled 
one  test  at  a  time)  control,  dependent  upon  the  mode  of  operation  selected  by  the 
operator.  Semi-automatic  operation  shall  be  directed  by  the  operator  during  semi¬ 
automatic  mode .  Automatic  operation  shall  be  as  directed  by  the  programmed  tape . 

^cific.  programmable  functions  that  affect  operation  of  the  tape  reader 
shall  be  as  follows: 


a . 

b. 

c . 


Program  Stop 
Program  Hold 
Program  End 
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2.1.1  Program  Stop  -  A  program  stop  shall  be  a  tape  stop  that  requires  manual 
actuation  of  the  reset  program  stop  switch  anc^'^or  operation  of  the  start  controls. 


2.1.2  Automatic  Stop  -  An  automatic  program  stop  shall  occur  when  even  parity 
is  detected  or  an  error  or  fail  safe  condition  is  detected  in  the  unit  or  detected 
in  building  blocks  associated  with  the  unit.  An  automatic  stop  shall  be  fall  safe 
to  the  extent  that  any  encoded  or  simulated  tape  command  generated  after  the  occur¬ 
rence  of  an  automatic  stop  shall  be  inhibited  and  all  test  point  and  stimulus 
switching  be  opened  or  set  to  "0"  state.  Restoration  of  comnand  cajability  shall 
require  operation  of  the  stop  control  and  subsequent  operation  of  the  start  controls. 


2.1.3  Selected  Program  Stop  -  A  selected  program  stop  shall  occur  when  programmed 
on  the  tape.  Programmable  signal  sources  that  shall  cause  a  selected  program  stop 
are: 


a.  A  no-go  signal  from  the  conqarator  or  events  sequence  detector. 

b.  A  signal  from  system  timing  units  denoting  end  of  pre-set  time 
delays.  (Delay  generator) 

c.  A  signal  from  a  weapon  system  monitoring  device. 


2.1.4  Hold  Program  -  A  hold  program  shall  be  any  tenrporary  stop  of  the  tape 
that  can  be  restored  by  a  programmed  signal.  The  programming  set  shall  be  capable 
of  restart  upon  receipt  of  a  sigial  from  any  one  of  the  following  signal  sources . 


a.  End  of  a  pre-set  time  limit. 

b.  Go  from  comparator. 

c.  Hi^  from  comparator. 

d.  Low  from  comparator. 
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e.  No-go  from  conqparator  or  eventB  sequence  detector. 

f.  Signal  from  system  tind.er  test. 

2.1.5  End.  Program  -  An  end  program  shall  occur  at  the  end  of  any  series  of 
test  sequences.  This  shall  be  a  tape -commanded  signal  that  will  stop  the  tape 
reader  and  actuate  a  visual  display  on  the  monitor  panel. 

2.2  Tape  Sensing  Requirement  -  The  tape  reader  shall  be  capable  of  process¬ 

ing  an  eight -level,  alumlntua  mylar,  laminated  type  tape  of  1  Inch  width,  with 
infonoatlon  density  of  10  rows  per  Inch.  It  shall  be  capable  of  sensing  address 
and  information  data  from  a  prepared  tape  that  has  been  encoded  In  accordance 
with  the  following  criteria: 

2.2.1 


Levels 

Row  1 

Row  2 

Row  3 

Row  4 

Row  5 

Row  6 

Row  7 

1 

Parity 

Parity 

ftirlty 

Parity 

Parity 

Parity 

Parity 

2-3-4 

"Identity 

5-6-7-8 

Address" 

"Sub- 

Digit 

Digit 

Digit 

Digit 

Digit 

Identity 

Address" 

sub-identity  address  occurs  only  when  necessary.  A  "0"  In  levels 
2-3-4  of  row  2  Indicates  there  Is  no  sub-identity  causing  the  row  cotmter  to 
advance  from  row  1  to  3-  allows  a  digit  that  Is  physically  In  row  2  to  be 

treated  as  row  3  information. 

A  "1"  In  levels  2-3-4  of  rows  3-7  shall  indicate  the  end  of  a  data  block, 
allowing  variable  length  blocks.  Presence  of  a  "2"  in  levels  2-3-4  of  last  row 
Indicates  the  block  concerns  a  test  number,  and  causes  a  reverse  shift  in  reading 
the  block  during  backward  search. 
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"3",  "5",  "6"  and  ”7"  In  levels  2-3-4  of  row  2  through  7  shall  be 


used  for  peculiar  control  functions  such  as  reverse  control  for  the  Control 
Computer,  etc. 

2.2.2  Tape  Coding  -  Tape  levels  In  each  tape  frame  shall  be  assigned  binary 
coded  values  to  represent  the  addresses,  instructions,  and  numbers  necessary  to 
operate  the  Programmer-Controller. 

2.2.3  Utilization  -  The  decoded  addresses  £?hall  provide  information  to  direct 
the  associated  instructions  internal  to  the  Progiammer-ControUer  and  for  external 
use  by  the  associated  stimalua  and  response  equipment. 

2.3  Tape  Reader  Controls  -  Ihe  following  oontrol.8  shall  be  provided  on  the 
Control  Rmel; 

a.  Switch  to  select  automatic,  semi-automatic,  or  manual  modes. 

b.  Switch  to  start  the  tape  reader  when  in  automatic  mode  of  operation. 

c.  Switch  to  advance  the  tape  one  test  at  a  time  when  In  semi-automatic 
mode  of  operation. 

2.3.1  Test  Search  Switch  -  The  test  search  switch  shall  initiate  the  test 
search  m-ode  of  operation. 

2.3.2  Manual  Entry  -  The  tape  sinulator  control  shall  eonsJ.st  of  the  switches 
necessary  to  simulate  information  encoded  on  a  tape.  Tills  control  shall  also 
provide  the  means  for  designation  of  the  test  number  and  end  item  identities  to  be 
selected  by  the  test  search  switch. 

2.3.3  Equipment  Status  Indicators  -  The  following  indicators  shall  depict  the 
equipment  status; 


a.  Li^ts  to  indicate  ho3.e3  in  tape  being  sensed. 

b.  Lights  to  show  even  parity,  odd  parity. 
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2.3  A  Continuous  Conversion  Control  -  A  switch  shall  he  provided  to  allow  con¬ 
tinuous  measurement,  comparison  and  display  to  occur. 


2.3.5  Parity  Check  -  ']?he  parity  checking  circuit  sha!!!  be  capable  of  verifying 
that  an  even  number  of  holes  are  being  sensed  by  the  tape  reader.  Pall.ure  of  this 
check  to  verify  proper  parity  shall  autoniatical.ly  cause  a  program  stop  end  a  visual 
Indication  of  the  failure. 

2.4  End  Item  Identity  Infoniia,tlon  Storage  -  The  end  item  identity  storage 
element  shall  store  the  end  Item  identity  Information  that  is  decoded  from  the  tape. 
It  shall  provide  this  Infornation  as  reference  for  the  search  operation  and  for 
transmission  to  the  Control  Comjmter. 

2.5  Visual  Display  Unit  -  'ilie  visual  display  unit  shall  consist  of  li^ts 
and  numerical  readout  devices  to  automatically  provide  display  of  the  foUowiag; 

a.  Numerical  -  visual  Indicators  shall  display  In  numerical  form: 

1.  Test  number  4  digits 

2 .  Measured  value  7  digits 

3 .  Multipliers 

4.  Decimal  point 

5.  Type  of  measui’ement 

6.  of  test 

b.  Lights  -  lights  sliiill  indicate: 

1.  Test  resul-ts  -  Hi^,  Low,  ’Mo"  "No-Qo" 

2.  Test  in  progiess 

3 .  End  of  test 

4 .  Standby 

5 •  External  hold 

6.  Internal  hold  -283 


7.  IHll  safe 

8 .  Vfcirm  up 

9.  Operating  Mode  -  Autoogatlc,  Seml-Autonatlc,  Nsnual,  Monitor, 
Search 

10.  Operational  test  bench  Indicator 

11.  Address  and  Program  line  levels 

12.  Building  Block  Program  error 

13.  Control  Computer  Direction 

Provision  shall  he  made  for  slmtoltaneous  operation  of  more  than  one 
identical  display. 

2.6  Measurement  Conrparator  -  The  coogoparator  shall  he  of  the  semi-conductor 

type  consisting  of  tvo  digital  comparator  circuits,  the  upper  limit  storage  circuit, 
the  lower  limit  storage  circuit,  and  the  necessary  Interconnecting  logic  circuitry 
to  accomplish  evaluation  of  the  measured  value  as  nay  he  progranaaed.  The  coonparator 
shall  be  capable  of  storing  the  required  results  of  the  first  of  two  serial  con- 
pariscns  and  comiblnlng  them  with  the  results  of  a  second  coaogparison  to  effect  an 
overall  el^t -digit  conparlson. 

2.6.1  Comparison  Function  -  Ihe  conparator  shall  compare  measured  digital  values 
received  from  response  monitors  with  upper  and  lower  limits  simultaneously.  This 
conparlson  shall  he  on  a  parallel  basis.  A  measured  value  equal  to  limit  shall  be 
accepted  as  a  ”0o" . 

The  conparator  shall  provide  "Qo”,  "No-Oo",  hl{^  and  low  signal  outputs 
as  required  to  reflect  resxQ.ts  of  each  comparison  process  or  the  results  of  two 
related  serial  cooqparlsons  when  so  progranmed. 

2.6.2  Comparator  Reset  -  The  output  of  the  measurement  cosQiarator  shall  he 


turned  off  by  nanttal  reset  or  tape  reset  command. 
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2.7  Frlntei*  -  The  printer  mechanism  shall  be  a  parallel  entry,  21  colTum 

device  capable  of  printing  the  following  information  on  one  print  cycle. 
Measurement  value  and  Dec .  point  5  column 

Test  Number  4  column 

Upper  Limit  4  column 

Lower  Limit  4  colimm 

Test  Results  1  column 

Multiplier  1  column 

Function  1  column 

Limits  Polarity  1  column 

The  printer  mechanism  and  the  printout  controller  siiall  be  capable 

of  six  print  cycles  per  second. 


2.8  Printer  Controller  -  The  printer  controller  shall  Include  the  circuitry 

necessary  to  decode  information  from  the  overall  sytem  for  use  by  the  printer. 
Design  shall  be  such  that  complete  or  partial  printout  sliall  be  made  on  the  basis 
of  tape  instructions.  Provision  siiall  be  made  for  the  serial  printout  of  measured 
values,  limits  and  test  results  on  a  measurement  involving  more  than  four  digits. 


2.9  Control  Ihnel  -  Hie  control  jjanel  shall  contain  all  neceut-^ry  f:iwitches 

and  controls  to  command  normal  operation  of  the  Pi’ogiammer -Controller . 

Power  controls  shall  consist  of  the  following; 

a.  Programmer -Controller  on-off  switch 

b.  Accessory  (Building  Blocks)  on-off  switch 
e .  Master  on-off  switdi 

The  following  controls  shall  be  provided  for  the  operation  of  the  test 
system. 

a.  Switches  to  select  automatic,  semi-automatic,  manual,  search  and 

monitor  modes  of  operation.  -285- 


b.  Switches  to  select  a  test  number  for  search. 

c.  Switches  to  select  an  end  item  identity  for  search. 

d.  Program  start -stop  switch. 

e.  Controls  suitable  for  manmlly  entering  test  information  into  the 
Programmer-Controller . 

f.  Test  repeat  switch. 

g.  Ib.il  safe  stop  swltcli. 

h.  Bench  override  switches. 

i.  Operational  override  switch. 

The  Programmer -Controller  shall  be  so  designed  tlxat  multiple  control 
panels  may  be  remotely  positioned  and  operated. 

2.10  Search  -  The  Programmer-Controller  shall  be  capable  of  searching  the  tape 

to  a  particular  end  item  identity  number  (Federal  Stock,  Class  number)  or  to  a 
particular  test  number.  Selection  of  the  test  number  may  be  inserted  from  the 
program  tape  or  manually  by  the  mrsuiual  entry  control.  End  item  Identity  will  be 
selected  by  the  manual  entry  control. 

It  shall  be  possible  to  automatically  revert  to  noimal  operation  at  the 
end  of  search.  All  information  except  test  numbers  or  end  item  Identity  numl'ers 
shall  be  inhibited  dui-lng  the  search  operation. 

When  the  test  number  search  opf^ration  is  selected  by  the  program  tape, 
it  shall  be  possible  to  actuate  the  search  by  any  of  the  following  signal  sources . 

a.  End  of  programmed  time  delay. 

b.  Signal  from  events  sequence  detector. 

c.  "Go",  "No-Oo”,  "High"  or  "Low"  from  comparator. 

d.  Signal  from  tape. 

e.  Manually  operated  switch. 

f .  Signal  from  system  under  test.  -286- 


2.11 


Iteration  -  The  Programmer-Controller  logic  shall  he  so  designed,  that 


on  instruction  from  tape  information  blocks  it  will  revert  to  an  iteration  process. 
This  process  will  be  used  where  many  consecutive  tests  are  of  the  same  type 
(continuity,  resistance)  with  all  test  information  the  same  except  test  number  euid 
test  point  switching  or  for  series  of  tests  where  only  a  few  other  Instructions 
change  (stimulus  generator  frequency  change  for  frequency  response  tests,  marginal 
voltage  tests ,  etc . ) . 

Tape  blocks  shall  instruct  what  functions  are  to  be  changed  for  the 
iteration  process,  how  many  times  the  process  shall  be  changed  and  on  what  test 
the  process  is  to  start. 

The  test  number  register  and  program  registers  in  buil.ding  blocks  shall 
be  designed  such  that  after  receipt  of  an  Iteration  command,  the  next  address  will 
cause  a  selected  step  in  function  mtll  a  program  release  occurs . 

After  reading  through  the  iteration  instructions,  the  Programmer -Controller 
will  repeat  a  test  or  a  selected  consecutive  group  of  tests  for  the  required  ntaober 
of  times,  changing  the  selected  functions  (test  number,  voltage,  frequency,  etc.) 
by  a  given  step  and  proceed  to  the  next  test  automatically.  All  normal  control 
functions  of  the  Programmer-Controller  shall  apply  during  the  iteration  process. 

2.12  Events  Sequence  Detector  -  Ihe  events  sequence  detector  shall  be  capable 

of  detecting  the  sequence  of  two  events  and  generating  a  "go"  or  "no-go"  signal 
depending  on  the  program.  The  events  to  be  detected  may  be  the  end  of  a  programmed 
time  delay  from  an  associated  delay  generator  and  a  signal  from  the  sytem  under  test. 
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2.13  Test  Result  Memory  -  The  test  result  memory  shall  accept,  store  and 
present  in  parallel  form  the  results  of  thirty-four  (3^)  tests.  The  input  shall 
be  programmable  to  accept  the  following  outputs  from  the  comparator. 

a.  Hi^ 

b.  Low 

c .  CJo 

Outputs  shall  be  made  available  to  the  comparator  input  switch^jig, 

17  bits  at  a  time  on  lines  corresponding  to  the  external  digital  Inputs  to  the 
comparator.  .  Reset  shall  be  accoir^llshed  by  tape  inf oraeition . 

2.14  Control  Computer  Input  Logic  -  Eight  digital  inp>ut  lines  shall  be 
provided  to  give  the  control  computer  access  to  the  test  system.  These  lines 
shall  be  gated  in  parallel  to  the  tai>e  reader  outpeits.  'Kie  signal  to  disconnect 
the  tapse  reader  outputs  eind  connect  the  computer  shall  be  received  from  the 
computer . 

Control  Computer  Output  Logic  -  Tne  PrograiTimer-Controller  shall  provide 
an  output  of  10  sense  lines  for  the  Control  Computer.  Information  on  these  lines 
shall  be  fixed  by  the  sense  line  controls. 

An  8-line  digital  information  output  shall  ti'ansmit  infor-riSition  (tape 
output,  measured  ve-lue,  test  results,  test  ntunber,  end  item  Identity)  from  the 
Programmer -Controller  to  the  Control  Computer .  Transmission  of  data  shall  be 
controlled  by  a  control  line  from  the  Control  Computer. 

A  reverse  control  line  capable  of  addressing  the  Control  Computer  from 
tape  infonration  or  manual  means  shall  be  suppvlied  by  the  Programmer-Controller . 
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2.15  Pfograa  Memoriy  Unit  -  Hie  addresslag  and  programming  methodB  desire,! 
require  internal  Btorege  of  all  bull.dlag  b].ock  programming  information.  In  th,e 
interest  of  reducing  problems  in  mating  programming  lines  to  program  jnpat  s-ud 
storage,  a  standardized  program  memory  is  desirable.  By  stfindardizing  mounting, 
circuitry  and  components  the  cost  of  deHigfA,  building  and  supiporting  is  '■.■ut  to 
a  minimum.  Although  all  building  blocks  do  not  require  the  same  programming 
information  from  the  input  lines,  the  iriforimtion  and.,  theresfore,  the  pm-.'gram 
memory  •will  differ  in  quantity  only.  Th,e  program  jaemory  units  'will  cpr..taln  only 
the  required  capacity  but  wiD.l  have  lnterchangeab.le  sub-wiits  (printed  circuit 
cards ) . 

2.15.1  Inp'ut  voltapj'.  ai.al.T  T'O  obta.i r.td  !'ro:c  tiic  'l>coder  Unit 
2.15  2  Program,  inputs  -  The  memory  urdt  c-ihall  accept  logical  voltage  .levels  on 
twenty  lines .  Ifpon  receipt  of  an  enable  .logic:?..!  level  a  derjoder  sal  the 

programming  infoimiation,  the  •progi'am  shE..!!  be  re.ad  into  the  memory.  The  memory 
shall  h<3ld  uriti,l  power  shutdo-um,  reprogramming,  or  re. set . 

2.15.3  Noise  rejection  -  Tl:e  memciy  urdt  vrill  eccev.t  e'nalile  level  o::...ly  'When 
the  enable  level  is  present,  for  a  time  longer  th.sn  the  duration  of  normal  contu-ct 
boxince . 


2.15 •*'i-  Oatpn.ts  -  The  memor;/'  'Cir.it  .diall  provide  a.leqi*ate  logic  l^n/el  ';'U'r,pr:-'-..3  to 
program  the  bui.lding  b].ock  w-lth  which  it  is  associated . 


2.15.5  Ih.il  Safe 
logical  .T.evel.  o’atj>ut 


-  A  fai.l  safe  de'vice  shall  be  provided  whi 
when  -any  of  the  twenty  progranvuing  lines 


,ch  will  'pro 
iitemal  to 


luce 


6. 


memoiy  unit  are  grounded,  or  open  circuited. 
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2.15  Ualversal  Decoder  Unit  -  The  universal  decoder  unit  is  intended  as  a 
plug-in  unit  for  all  building  blocks.  Its  function  is  to  detect  an  adress  on  an 
eleven  line  address  buss  Intended  for  the  building  block  where  it  is  located. 

The  coincidence  of  the  address  code  and  the  internal  preset  code  will  allow  the 
program  information  to  be  fed  into  the  addressed  building  block.  The  use  of 
switches  to  set  up  the  preset  code  allows  all  decoders  to  be  identical  and  inter¬ 
changeable  . 

2.16.1  Input  Voltage  105-125  VAC 

2.16.2  Input  Frequency  55-^20  cps 

2.16.3  Address  Input  -  The  decoder  shall  accept  logical  voltage  levels  on  an 
eleven  line  addres.'B  buss.  The  eleven  lines  shall  be  divided  into  two  functions, 

7  lines  for  a  building  blcck  type  identity  address  and  k  lines  for  a  building  block 
sub-type  identity  address . 

2.l6.l(-  Preset  Codes  -  Switches  shall  be  provided  such  that  any  of  the  128 
(possibly  79)  code  combinations  on  the  7  type  building  block  type  identity  lines 
can  be  preset  in  the  decoder  imit. 

2.16.5  Switches  (covered  but  readily  accessible  from  front)  shall  be  made  avail¬ 
able  to  set  up  two  pre.^et  codes  for  the  four  line  building  block  sub-type  address . 
Provisions  shall  be  made  for  the  selection  of  any  one  of  these  preset  codes  upon 
receipt  of  a  signal  on  one  of  two  lines  corresponding  to  the  two  groups  of 
switches . 

2.16.6  Decoder  Output  -  The  decoder  shall  provide  a  Icgical  level  output  upon 
receipt  of  a  code  on  the  7  line  address  and  foxir  lj,r>e  address  which  coincides  wltli 
the  preset  codes . 

2.16.7  Pail  Sa,fe  Output  ~  A  fail  safe  device  shall  be  provided  which  will  produce 
a  logical  level  output  when  any  of  the  eleven  lines  internal  to  the  decoder  are 


grounded  or  open  circuited. 
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2.16.8  D-C.  Power  Output  -  D.C.  voltage  adequate  for  the  standard  memory  unit 
shall  be  provided. 

2.17  Coax  Switching  Unit 

2.17.1  Input  Voltage  IO5-125  VAC 

2.17.2  Input  Frequency  55-^20  cps 

2.17.3  Progrsunming  Input  -  The  coax  switching  unit  must  accept  the  universal 
decoder  unit  and  contain  the  programming  memory  unit  controlled  by  20  programming 
lines . 

2.17.4  Switching  -  Each  switch  shall  have  capabilities  of  switching  any  of  five 
Inputs  to  einy  of  five  outputs.  If  rotary  driving  devices  are  employed  position 
feedback  must  be  used  such  that  the  drive  device  is  de-energized  by  a  control 
signal  associated  with  the  selected  position. 

Number  of  Switches  per  xinlt  -  4,  or  6 
Insertion  Loss  -  Less  than  O.3  db  input  to  output 
Isolation  -  Better  than  30  db  at  1  Kmc 
Connectors  -  Input -One  connector  for  each  input  line 
(located  on  back  panel) 

Output -One  connector  for  each  output  line 
(located  on  front  panel) 

2.17.5  Indicators  -  A  position  indicator  shall  be  provided  such  that  the  position 
of  each  switch  may  be  visually  detected  from  the  front  panel. 

2.18  Low  Frequency  Stimulus  Switching  Unit 

2.18.1  Input  Voltage  IO5-125  VAC 

2.18.2  IniJut  Frequency  55-^20  cps 

2.18.3  Program  Inputs  -  The  low  frequency  stimulus  switching  unit  shall  accept  the 
universal  decoder  unit  and  shall  contain  the  standard  progreim  memory  unit.  Control 
of  the  switching  unit  shall  be  acccm^llshed  by  the  programming  buss  line. 
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2  l8.4  Switching  Capability  -  The  switching  shall  be  divided  into  three  identical 
groups.  Each  group  shall  have  seven  Inputs  and  seven  oratputs  arreuiged  such  that  any 
of  the  Inputs  can  be  connected  to  any  of  the  outputs.  Each  switching  group  shall 
operate  independently  such  that  an  input-output  connection  in  each  of  the  three  groups 
may  be  made  simultaneously. 

Connectors  -  Input  -  One  connector  for  each  input  line 

(].ocated  on  back  panel) 

Output  -  One  seven  pin  connector  for  each  switching  group 
(located  on  front  panel) 

2.19  Iiow  Fi^equency  Response  Monitor  Switching  Unit 

2.19.1  Input  Voltage  105-125  VAC 

2.19.2  Input  Fi'eqtiency  55“42C  ops 

2.19.3  Program  Inputs -The  low  frequency  response  monitor  switching  unit  shall 
accept  the  xmiversal  decoder  unit  and  sliall  contain  the  program  memory  tinit.  Control 
of  the  switching  unit  shall  be  accomplished  by  the  programming  buss  lines . 

2.19.4  Switching  Capacity  -  'Jhe  switching  lanit  shall  be  capable  of  connecting  any 
of  99  best  point  inputs  to  any  of  7  outputs  to  response  monitors . 

Connectors  -  Input  -  2  connectors,  50  pins  each  (located  on  front  panel) 
Output  -  7  single  pin  connectors  (located  on  back  panel) 


2.20  Waveguide  Switching  Unit 

2.20.1  Input  Voltage  IO5-I25  VAC 

2.20.2  Input  Frequency  55-420  cps 

2.20.3  Program  Inputs  -  The  waveguide  switching  unit  shall  accept  the  universal 
decoder  unit  and  contain  the  program  memory  unit.  Control  of  the  unit  will  be 
accomplished  by  the  programming  buss  lines . 


L 


2.20.4-  Switching  Capabilities  -  Each  waveguide  switch  sha3J.  be  capable  of  switch¬ 
ing  one  input  to  either  of  two  outputs. 

Switches  per  unit  -  3 

Insertion  Loss  -  less  than  .2  db  / 

Isolation  -  better  than  30  db 

2.20.5  Frequency  -  units  will  be  designed  fc:'  L,  S,  X  and  Ku  frequency  bands. 
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APPEHDIX  47 


ATE  Repair  Costs 


Sub-asseaibllss ; 

No.  of  Units  -  6,2^0  par  year  1  1/2  aodtiles/par  unit' 

Equipment  Costs  -  690,868 

Equipiaent  Development  -  •$  960,751 

Man  hours  for  Module  Isolation  per  Year;  18,366  man  hours 

Direct  Labor  9 

lOOfi  Overhead 

Depreciation 

Sub-total  Costs 

Module  Repair  Costs; 

780  Modules  X  12  months  x 
month 

Naint.  Costs/Subassembly 

Man  hours /Subsissembly 

Replacement  of  parts  = 

(30  min)  ir7B5 

yint.  Costs  -  parts  replacement  >  $7^*263  (l  -  .104^)  >  $66.^03 

Subassembly 

Average  Real  Hours  par  Subassembly  «  ^5 .2$  x  24  1.40  hours 

0,246  units 

Modules  (780  modules  for  subassembly,  496  modules  for  repair  month) 

Number  of  Modules  per  year  15>312  units 

Equipment  Cost  $720,832 

Equipewnt  Developeient  $  1,002,^00 

Mamhours  for  module  repair  per  yr.  18,803  man  hours 
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$  59,323 
59,323 
165,162 


$19.187 /module 
Total  yearly  costs 


16. +  (1.228  X 

.  .1045 


$  283,808 

179,590 

$463,396 

$  74.263 

1.5)  •  4.785  man  hours 
su\>assemibly 


Anma  ki  (oam) 


Ooittt 

Dlrvet  Labor  •  ^.2Z/lax. 
100)(  Ovaxbaad 


$  60,732 
60,732 


Dapraolatlon 

Sub -total  Ooita 
Nalntananea  Cost/Modula  ■ 

Itoa  hoora^todala  > 


172,333 


♦293,797 

♦l9«l87/iK0d.ule 
1.228  Ban  hoors/BOdula 


Hodula  Coat  par  Yaarr 

496 .  X  12  X  $19 . 187  -  $11*^,  201 

3932  Bodulaa  X  19-187 
yr. 

BaplaaMaant  of  paxta  ■  .3333  ■  0.2714 

(20  Bln)  l.*2o 

Nalnt.  Coata  -  parta  raplaotBant  •  19.187  (1-0.2714)  ■  $13.980/Bodnla 

UoMa - 


Ararata  Raal  Houra  par  Hodula 


1.473  boura/aodula 


r 


APPPPIX  48 

IlMnial  R«p*lr  Costs 


MsJor  Asssibly 


Ysarly 

Workload 

Man 

Hours 

RT-274c/AHI-81 

-  Radar  R.T. 

72 

1740 

AM>742A/AFI-61 

-  Uso.  Control  Asp. 

36 

648 

AM-758B/AP!f-8l 

-  Elso.  Control  Asp. 

100 

2596 

CU-469A/ARR-39 

-  Indloator  Couplsr 

20 

500 

CU-469B/ARR-39 

-  Indloator  Couplsr 

32 

800 

CV-553/ABR-39 

-  Slg.  Data  Conv. 

40 

1332 

RT-22QB/ABI-21 

-  R.T. 

1304 

16,180 

T-608/ALT-6B  - 

R.T. 

99 

594 

PP-I533/AIT-6B 

-  Pwr .  Supply 

476 

1808 

5281-646-5103 

-  Radio  Sat  6188-IA 

108 

1542 

5821-509-8742 

-  Radio  Sot  6188-1 

100 

1428 

5821-333-8518 

-  Ant .  Tunsr 

120 

570 

RT-263/ARC-34 

-  R.T. 

1108 

13,500 

Rr-463/ARC-34 

-  R.T. 

124 

1,500 

IP-239/APH-59 

352 

8,700 

RT-289A/APN-59 

-  R.T. 

392 

6,532 

Al!-853/APIf-59 

-  Else.  Control  Asp. 

92 

1,108 

PP-1073/APR-59 

-  Powor  Supply 

188 

1,612 

IP-268/APH-59 

-  Indloator 

320 

3,720 

PP-1260/AFK-59 

-  Powor  Supply 

60 

286 

OT-400/ARC-65 

-  R.T. 

245 

7,420 

(£K.i) 
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afurdix 

48  (COBTD) 

(paKL  2) 

Yearly 

Workload 

MAn 

Hours 

T-605/ARC-58  -  Trwis. 

60 

902 

R-761/ARC-58  -  R«c. 

104 

3,150 

Total  Black  Box 

CU-5231/ARC-58  -  Ant.  Coupler 

86 

440 

6,336 

C-19*<-0/ARC-58  -  Ant.  Coupler  Control 

80 

480 

RT-156/APS-42  -  Redar  Trene. 

96 

1,156 

Total  Man  hrs. 

3H-59/APS-42  -  Synchronizer 

76 

1,420 

86,084 

RT-275/APS-42A  -  R.T. 

284 

2,420 

S!I-59A/AP8-42A  -  Synchronizer 

160 

6"^ 

2,000 

Modules 

PS-6113-38/AHI-81  -  Pwr.  Supply 

120 

960 

C-14i6a/APH-81  -  Control 

16 

62 

AS6i0c/AP1I-81  -  Antenna 

120 

2,400 

C-ll6o/AHi-8l  -  Control,  Vertical  Oyro 

96 

430 

AM-743/APB-81  -  ELectrlcal  Control  Aap 

.  56 

230 

PS-6013-40/APH-81  -  Per  Supply 

24 

120 

CP-I85V/APW-8I  -  Computer  Preq.  Tracker  20 

660 

C-I672/ARR-39  -  Control 

12 

48 

77321980-1  -  Clr  one  A  Clr  two 

20 

666 

77316280-1  -  Tunning  Control 

16 

32 

76303700-1  -  Control  Monitor 

20 

80 

77309490-2  -  Altitude  Speed  A  Range 

40 

160 

76313686-1  -  Binary  Counter 

20 

80 

7630^10-2  -  Angle  Subtractor 

60 

240 
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APPEIIDIX  (COllTD) 


Yearly 

Workload 

Man 

Hours 

r-539b/abn-i4b 

-  Rec. 

224 

3,340 

c-76oa/aiw-i4b 

-  Control  Panel 

168 

440 

C-996A/Ajai-14B 

-  Control  Panel 

236 

620 

C-1763/AIW-21 

-  Control 

236 

480 

c -1970/ALT -6b 

-  Mag.  Freq.  Control 

65 

1,260 

C-1965/ALT-6B 

-  Control  Ind. 

283 

5,500 

Oscillators 

743 

2,972 

C -1057/ARC -3^  - 

Control 

308 

624 

C-10U7/ARC-34 

-  Control 

184 

B72 

ia-l489/ARC-3‘* 

-  Selector  Control 

432 

1,840 

C -1256/ARC -3*^ 

-  Control  Monitor 

360 

754 

AM-068/ARC-34 

-  Anp .  Osc . 

724 

3,060 

R-568/ARC-3H  - 

Rec .  Subaaseably 

152 

456 

C -45/arc -21  - 

Control 

280 

948 

MX -1425/arc -21 

-  Selector  Control 

160 

64o 

C-1242/APW-59 

-  RadarSet  Control 

92 

368 

MX-I519/APH-59 

-  Sweep  Oen . 

60 

132 

MX-I518/APH-59 

-  Sweep  Amp . 

76 

114 

MX-I517/APN-59 

-  Sweep  Relay 

60 

78 

MX-I521/APB-59 

-  Range  Mark  Gen. 

76 

242 

RE -315/ARC -65 

-  Relay  Assenibly 

132 

528 

MD-296/ARC-65 

-  Modulator  Osc. 

50 

300 

AM-I632/ARC-65 

-  Amp.  Det. 

62 

372 

RE-3I5/ARC-65 

-  Relay  Assembly 

184 

736 

APPEHDIX  ^8  (COWTD) 


Yearly 

Workload 

Man 

Hours 

MX-l425B/ARir-21 

-  Selector  Control 

96 

384 

O-495/ABC-65  - 

R.F.  Oec. 

81 

324 

RE-313/ARC-65 

-  Relay  Assembly 

208 

832 

C-45IA/ABC-65 

-  Radio  Set  Control 

284 

1,052 

PP-18o6/ARC^5 

-  Power  Supply 

24 

84 

AM-I631/ARC-65 

-  Amp  •  Osc • 

192 

1,152 

CV-465/URC  - 

Mixer  Oscillator 

100 

1,000 

AM-1529/UBC  - 

Amp*  Osc* 

28 

140 

AM-1525/URC  - 

Elec.  Control  Amp. 

40 

160 

CV-531/URC  - 

Load  Pbase  Disc. 

16 

80 

AM-1523/UBC  - 

Amp.  Det. 

28 

102 

AM-1527/UK3  - 

Amp.  Det. 

28 

102 

RB-284/URC  - 

Relay  Assembly 

12 

48 

AM-I579/URC  - 

Amp.  Freq.  Multi. 

28 

112 

AM-I733/URC  - 

Amp. 

28 

112 

AM-I524/URC  - 

Elec.  Control  Amp. 

40 

160 

AM-1528/URC  - 

Amp.  Mixer 

72 

288 

AM-I526/URC  - 

Amp .  Det . 

28 

112 

AS-428/APS-42 

-  Antenna 

64 

1,184 

5841-533-9659 

-  Power  Supply 

16 

546 

5841-505-2771 

-  Ind.  Control 

52 

166 

IP-39/APS-42 

-  Az.  Ii  Range  Ind. 

100 

651 

5841-505-2610 

-  Fra.  Amp. 

44 

94 
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APFEIDIX 

48  (COIITD) 

Yearly 

Workload 

Men 

Hours 

5841-504-2731  - 

Pwr  Supply 

60 

204 

5841-560-6950  - 

AC  Motor 

72 

936 

IP-217/APS-42A  - 

Ac .  It  Benge  Ind . 

132 

860 

C-818A/APS-42A  - 

Rader  Set  Control 

92 

460 

AS-428A./APS-42A 

-  Antenna 

152 

2,800 

5841-538-5815  - 

Servo  Aatp. 

92 

331 

5841*505-2609  - 

IF  Amp. 

32 

66 

5841-564-8180  - 

Modulator  Aesembly 

36 

216 

5841-505-2700  - 

A.F.C.  AsBecnaly 

84 

312 

Total  Modules 

5841-036-8017  - 

Trig.  Gen. 

36 

216 

8,532 

5841-036-8016  - 

Sweep  Gen. 

36 

216 

5841-561-4250  - 

Range  Mark  Gen. 

40 

12 

5841-212-5917  - 

Servo  Amp. 

32 

256 

Total  Man  hours 

5841-512-1237  - 

Range  Sweep  Asaeably 

40 

80 

48,114 

8532 

4Bii4  ■ 

Black  Box  T«»t  gq.ulD— nt 

$834,795  X  86.084  -  $535,499 

Module  Test  BoMliaent 

$834,795  X  48.U4  -  $299,301 

15CT57 
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APPENDIX  k&  (COMTD) 


MmmmlI  M>lDt«ii«ac«  Uttlt  Co»t 


Black  BOX! 

Labor . . . 86,00k  MH  x  3.23/hr.. 

100^  overhead 

Depreciation  of  Manual  Test  Equip. 

Total 


$278,051.32 
278,051.32 
^3.330.00 
$609, 652. 6k 


Cost  par  Black  Box 


units 


$96. 220/Black  Box 


Module; 

Labor . k8,llk  MH  x  3-23/hr . $155,k08,22 

lOO^t  overhead  155>k08.22 

Depreciation  of  Manual  Test  Equip.  29» 930-10 

Total  $3kO,7k6.5k 

Cost  per  Module  •  $3k0.7k6.5k  •  $39.937/»odule 

8»732  units 
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APPElgjOCP  ^9 

Halnf  nance  CyeiiCj)  Coifes  Ptr  Uialt 


I 

1 


Typical  AiBMDir  Typical  Module 

Operation _  RT220/AOT-21  ^  _ yi579/ABC-?8 


(!osi 

doai 

Time 

Remove  from  A/c 

$  1.20 

If.  .30 

$  1.20 

0.30 

AU!  Nailnt.  Check 

1.20 

!i0,  .00 

8.00 

3.50 

Base  Clerical  Support 

20.00 

1,0.-. 00* 

20.00 

4.00» 

Base  Handling 

5.00 

fco.*.oo 

3.00 

60.00 

Ciratlng 

8.50 

lT.*.T5 

2.00 

0.60 

Shipping 

20.00 

^,o.*.oo 

4.00 

200.00 

Depot  Handling 

2.00 

io.i.oo 

1.50 

12.00 

Uhorata 

1.04 

.s.  .20 

.70 

.10 

Repair  (ATE) 

66.50 

13.98 

1.47 

Crating 

8.50 

r.o.Tj 

2.00 

0.60 

Depot  Inventory 

6.00 

lf.8.00 

4.00 

36.00 

Depot  Handling 

40.00 

ii.i.0.00 

15.00 

380.00 

Depot  Clerical  Support 

40.00 

},».8.0O» 

40.00 

8.00* 

Shipping 

20.00 

P<0.V) 

4.00 

200.00 

Uncrate 

1.04 

.20 

.70 

.10 

A8E  Inventory 

2.00 

ll.».o.oo 

1.50 

24.00 

Base  Clerical  Support 

20.00 

1.1.44.00* 

20.00 

4.00 

Base  Handling 

5.00 

|Oit#OtOO 

3.00 

60.00 

Install  In  A/C 

2.20 

|.i<0.60 

2.20 

.60 

TOTAL 

$274.98 

1,|.«T7>20  hrs. 

$146.78 

995.27  hrs. 

*  These  figures  represent  waiting  tlsie 
of  unit  due  to  paper  work  delay 


1 
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APPENDIX  !?0 

Av0r>S6  Cost  of  Blsck  Box 


i 

I 


Black  Box 

Cost 

RT12aA/ARC-21 

$13,980 

RT263/ARC-34 

3,804 

OV553/ARR-39 

4,000 

Rri78/ABC-27 

1,568 

R574C/ARR-39 

4,000 

RT400/ARC-65 

16,980 

CU523/ARC-58 

2,309 

C1940/ARC-58 

R761/ARC-58 

8,390 

618s -lA 

2,842 

T605/ARC-58 

4,516 

RT220/ARN-21 

2,450 

AM758A/APN-8I 

2,790 

AM853/APW-59 

794 

RT275/APS-42A 

2,100 

1P239/APN-59 

2,073 

RT289A/APN-59 

4,632 

1P268/APN-59 

828 

SN59A/APS-42 

1,150 

AM742A/APN-81 

2,110 

RT274C/APN-81 

4,110 

CP340/APN-105 

22,832 

CIV448/APN-105 

27,384 

I 
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APPEiWDIX  50  (COIITD) 


Black  Box 

Cost 

CV525/APH-IO5 

8,725 

CP301/APII-105 

50,000 

CV447/APB-105 

11,700 

RT279/APX-25 

725 

m503/ALT-^ 

1,462 

T6o8/Aiaj-6 

1,344 

PP1504/APN-105 

15,000 

PP1073/AP1I-59 

1,037 

TOTAL 

$288,269 

Avrage  Cost  pr  Black  Box 


$268,269 

to 


$9^.966 


APPBHDIX  51 

Average  Cost  of  Nodules 


Total  Cost  of  30  Blaok  Boxes . . $288,269 

Nunber  of  Modules  In  Black  Box 
12 

4 

13 

5 
9 
5 
3 
1 


.1 

AS-2631/APN-59 

+  4,275.00 

8 

13 

6 

1 

AII743/APII-81 

+  443.00 

1 

CP-185/APN-81 

+  5,688.00 

1 

A8-6iaA/AFll-8l 

+  3,287.00 

3 

27 

7 

0 

Deduct  CU-448/APIf-105 

-  27,384.00 

0 

Deduct  CU-525/API-IO5 

-  8,725.00 

0 

Deduct  CP-340/APII-IO5 

-  22,832.00 

0 

Deduct  PP-150k/APB-105 

-  15,000.00 
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APPENDIX  SI  (OOIITD) 


1 

5 
k 
1 
2 
1 

U 

1 

11 

7 

1 

21 

6 

0 

12 

1 

1 

1 

12 

Ik 

1 

11 

1 


IP-215/APS,-42 


AS  428B/APS-42 

KY-95A/APX-25 

3001B2/ARC-21 


C -1057/ARC -34 


Deduct  +  605/ARC-58 

C-996a/ARN-14d 

R-541/ARN-14D 

DY66/ARN-14D 


C-I672A/ARR-39 

PP-I398/ARR-39 


+  1,219.00 


+  2,130.00 

+  700.00 

+  3,277.00 


+  225.00 


-  V, 516* 00 


+  90.00 

+  1,560.00 

102.00 

+  754.00 

+  800.00 
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APOTDg  51(C01ITD) 


1  PP-1236<^/ARR-39 

Total  Mbdttle*  24? 


Cost  par  Nodal* 


TOTAL 

$949,696 


+  213.00 


$22!ll2ZL20 
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